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(D) R«Iat«^ appeals aiid interferences page(s); 
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(E) Status of claims page(s): 
Claims: 

1. (Withdrawn). 

2. (Withdrawn) 

3. (Withdrawn) 

4. (Withdrawn) 

5. (With drawn 

6. (Withdrawn) 

7. (Withdrawn) 

8. (Withdrawn) 

9. (Withdrawn) 

10. (Withdrawn) 

11. (Withdrawn) 
12 .(Withdrawn) 

13. (Withdrawn) 

14. (Withdrawn) 

15. (Withdrawn) 

16. (Withdrawn) 

17. (Withdrawn) 

18. (Withdrawn) 

19. (Withdrawn) 

20. (Withdrawn) 

21. (Withdrawn) 
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22. (Cancelled) 

23. (Cancelled) 

24. (Cancelled) 

25. (Cancelled) 

26. (Withdrawn) 

27. (Cancelled) 

28. (Cancelled) 

29. (Cancelled) 

30 (Cancelled) 

31 (Cancelled) 

32 (Cancelled) 

33 (Cancelled) 

34. (Rejected) 

35. (Rejected) 

36. (Rejected) 

37. (Rejected) 

38. (Rejected) 

39. (Rejected) 

40. (Rejected) 

41. (Rejected) 

42. (Rejected) 

43. (Rejected) 

44. (Rejected) 

45. (Rejected) 

46. (Rejected) 

47. (Rejected) 
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(F^ Status of amendments piige(.s); 

The applicant filed an amendment to claims 34 and 47, to correct the inadequate antecedent 
between claim 34 and Claim 44, and to conform to an elected species (Method) in claim 47. 
Claim 48, was added to address the conoments by the examiner with regard to an optional step in 
the claimed methods of the invention. A gramm.atical error in claim 34 was also corrected. 

The applicant understands that the amendments will not be entered. 

Affidavits filed were not acknowledged by the Office. New Affidavit has been filed. 

34. (Currently amended). A method for producing thermonuclear nuclear fusion, comprising 
the steps of: providing a working liquid enriched with molecules comprising isotopic D or T 
atoms comprising moloculos; placing at least a portion of said liquid into a tension state, a 
maximum tension in said tension state being below the cavitation threshold of said liquid, 
said tension state imparting stored mechanical energy into said liquid portion; directing 
fundamental particles nuc l oatlnH agonts comprisinfi at l oact ono of ; noMtrons, photons, alpha 



state, said nucleating agents having sufficient energy for nucleating a plurality of bubbles 
substantially filled with vapor from said liquid, said bubbles substantially filled with vapor 
having an as nucleated bubble radius greater than a critical bubble radius of said liquid; 
growing said bubbles; and imploding said bubbles substantially filled with vapor, wherein a 
resulting temperature obtained from energy released from said implosion is sufficient to 
induce a nuclear fusion reaction of said isotopic D or T atom comprising molecules in said 
liquid portion. 

47. (currently amended) A method An apparatus for producing thermonuclear fusion, 
comprising the steps of : fillin^a chamber with contain i nn a high accommodation coefficient 
liquid; 3 m ca nr fo r indni-lng tension in said high accommodation coefficient liquid; dj recti nfi 
a nucleating agent comprising at least one of: neutrons, alpha particles, photons and fission 
products to said chamber; a moan s for enhancing the size of the nucleated bubbles in tension 

UNITEOSTATES PATENT 10/692,755 Page 7 of 76 A 
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to a volume greater than a predetermined volume before inducing controlled implosion; 
thereby producing thermonuclear fusion. 

48. (new) A method of claim 34, wherein the working liquid is de-gassed prior to being put in 
a tension state. 
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(G) Summary of claimed subject matter pageCs); 

Note: The appellant submits that ihe responses are given in relation to the July 23, 2005 
Published Application by paragraph. The line nwnbers quoted are in relation to the noted 
paragraphs. 

Claim 34. 

A method to produce thermo-nuclear fusion in the local environment of vapor bubbles in the 
body of their parent liquid. 

Comprising the steps of: 
Stepl. 

"providing a working liquid enriched with molecules comprising isotopic DorT 
atoms" 

Figure 1 (item 124) 

Para. 22 (line 12); Para. 73 (Unes 2-3); Para. 76 (lines 2, 3, 8) 
Step2. 

"placing at least a portion of said liquid into a tension state, a maximum tension 
in said tension state being below the cavitation threshold of said liquid, said 
tension state imparting stored mechanical energy into said liquid portion " 

Para.15 (lines 3-6); Para.1.8 (lines: 2-5); Para. 26 Oines 3-7); Para. 178 (lines 1-3). 
Step3. 

"directing fundamental particles , at said liquid portion when said liquid portion is 
in said tension state, said nucleating agents having sufficient energy for 
nucleating a plurality of bubbles substantially filled with vapor from said liquid, 

UNITED STATtS PATENT 10/692.755 fage 9 Of 76 
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said bubbles substantially filled with vapor having an as nucleated bubble radius 
greater than a critical bubble radius of said liquid" 

Fig.l (item 150); Fig. 3c; Fig. 6 (item 633) 

Para. 15 (lines 8-11); Para. 18 (lines 6-8); Para 21 (lines 1-2); Para. 55 (lines 3-4); Para. 129, 
Para. 132 (lines 3-7); Para. 166 (lines 1-3); Para 71; Para 176 (1-3). 



Step4. 

"grov/ing said bubbles " 

Fig. 3c 

Para 15 (lines 9-11); Para 26 (lines 8-9); Para 33; Para 57 (Tines 3. 8-9); Para 58 (lines 1-2); Para 
63 (lines 3-5); Para. 64. 



Steps. 

"imploding said bubbles substantially filled with vapor, wherein a resulting 
temperature obtained frorr) energy released from said implosion is sufficient to 
induce a nuclear fusion reaction of said isotoptc DorT atom comprising 
molecules in said liquid portion " 



Para 15 (13-17), para 18 (lines 8-11). para 26 (lines 11-14), para 28 (Unes 8-11) 
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Claim 47. 
Stepl. 

"filling a chamber with a high accommodation coefficient liquid" 
Fig. 1 (item 124) 
Para 66, Para 74, Para 107 (1-4) 
Step2. 

"inducing tension in said high accommodation coefficient liquid" 
Para 15 (3-6), Para 18 (2-5), Para 178 (1-3), Para 74, Para 190. 



Steps. 

"directing a nucleating agent comprising at least one of: neutrons, alpha 
particles, photons and fission products to said chamber " 



Fig.l (item 1 50); Fig. 3c; Fig. 6 (item 633) 

Para. 15 (lines 8-11); Para. IS (lines 6-8); Para 21 (lines 1-2); Para. 55 (lines 3-4); Para. 129, 
Para 130 (1-4), Paia. 132 Qines 1-3); Para 157 (1-4), Para. 166 (lines 1-3); Paia 71; Para 176 (2- 
3). 



Step4. 

"enhancing the size of the nucleated bubbles in tension to a volume greater than 
a predetermined volume before inducing controlled implosion" 



Fig. 3a, Fig. 3c 

Para 64, Para 67. Para 72 (\ines 8-15), Para 120, Paia 133. 
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(H) Grounds of rejection to be reviewed on appeal page(s); 

1. Whether claims 34 -46 are unpatentable under 35 U.S.C. 101 for lack of utility 

2. Whether claims 34 -46 are unpatentable under 35 U.S.C. 112, first paragraph, as failing to 
comply with the enablement requirement. 

3. In claim 34 "placing at least a portion of said liquid into a tension state, a maximum tension 
in said tension state being below the cavitation threshold of said liquid." , whether there is 
adequate description or enabling disclosure as to how and In what manner one can 
determine: a) that a portion of the liquid is in the so-called tension state; b) the maximum 
tension in a portion of the liquid in a tension state; and c) that the maximum tension is below 
the cavitation threshold of the liquid. 

4. in Claim 34 "imploding said bubbles substantially filled with vapor." whether there is 
either an adequate description or enabling disclosure as to how and in what manner one: a) 
can determine when a bubble has been substantially filled with vapor; b)identifv which of the 
bubbles that are allegedly substantially filled with vapor; and c) how many of these bubbles 
to Implode to induce a nuclear fusion reaction. 

5. In Claim 42 "synchronizing neutron impact with a location in said liquid having a 
predetermined liquid tension level." whether there is either an adequate description or 
enabling disclosure as to how and in what manner one: a) can determine the occurrence of an 
impact of the neutron with the pre-tensioned liquid; b) synchronizes the neutron impact with 
a location in said liquid; c) determines which specific location to direct the impact of the 
neutron. 

6. In claim 34, whether the deletion of the degassing step is the addition of new matter. 



7. In aalm 44, whether the recitation of "said fundamental particles" in lines 1 and 2 results 
in an insufficient antecedent basis for this claim. 



8. In claim 46, whether the term "high accommodation coefficient liquid" is a relative term 
which renders the claim indefinite. As the term "high" which is not defined by the claim, and 
the specification does not provide a standard for ascertaining the requisite degree, whether 

D,-» !■» 7fi APPEAL BRIEF 
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one of ordinary skill In the art would not be reasonably apprised of the scope of the 
invention. 

9. In claims 34, 35, 37-40, 44, 45, whether under 35 U.S.C. 102(b) are anticipated by Margulis 
(RU 2096934) 

10. In claim 36, whether under 35 U.S.C. 102(b) are anticipated by Margulis (RU 2096934) 
with regard to heat exchangers. 

11. In claims 42 whether under 35 U.S.C. lD2(b) are anticipated by Margulis (RU 2096934) 

12. In claims 34, 35, 37-40, 44, 45 whether under 35 U.S.C, 102(b) are anticipated by Lipson et 
ai., " Initiation of fusion reactions In media containing deuterium by cavitation," Soviet 
Physics: Technical Physics 37 (1992) . 

13. In claims 35 whether under 35 U.S.C. 102(b) are anticipated by Lipson et ai., "Initiation of 
fusion reactions in media containing deuterium by cavitation," Soviet Physics: Technical 
Physics 37 (1992) . 

14. In claims 42 whether under 35 U.S.C. 102(b) are anticipated by Lipson et ai., "Initiation of 
fusion reactions in media containing deuterium by cavitation," Soviet Physics: Technical 
Physics 37 (1992) . 

15. Whether claim 41, is patentable over either Margulis or Lipson. 

16. Whether claim 43 and 46, are patentable over either Margulis or Lipson, In light of 
Didenkoetal. 

17. Whether the duplicate claim 34 vs44 can be overcome with the proposed amendment. 

18. Whether Claim 47 is rejected as directed to a non-elected invention. 
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(I) Argument page(s); 

1. Whether claims 34 -46 are unpatentable under 35 U.S.C. 101 for lack of utilitv 

The disclosure states that the invention produces excess neutrons and Tritium as the 
consequence of thermo-nucLear fusion. Affidavit from Xu. replicates tliis phenomenon in 
independent experiments. 

References in disclosure: 

1. Figs. 3e, 8, 10,11,12,13,14; 

2. Para. 17; 

3. para 24(linel); 

4. para 58(linelO); 

5. para 94 (lines 7-8); 

6. para 116(Linel); 

7. Para 121 (line 3); 

8. Para 208; 

9. Pai-a 219; 

10. Para 222; 

11. Para 226; 

12. Para 227. 

The Utility of Tritium and neutron sources are well established in the background art but also 
noted in the disclosure in para 24 of the published application, and in Xu's affidavit (para. 8). 

2. Whether claims 34 -46 are unpatentable under 35 U.S.C. 112, first paragraph, as failing to 
comply with the enablement requirement. 

In general, the fusion of deuterium(D)-deuterium{D) atoms is unequivocally established in the 
literature (Gross, 1984) to lead to one of two almost equally probable nuclear reactions. These 
are: 

• The production of a 1.01 MeV tritium (T) nucleus and a 3.02 MeV proton. 

• The production of a 0.82 MeV helium-3 (^He) nucleus and a 2.45 MeV neutron. 

UNITED STATCS PATENT 10/692,/£5 Page 14 Of 76 *f 
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For the thermonuclear bubble fusion system, the tell-tale signatures of the event involve the 
measurement of 2.45 MeV neutrons which must be time-correlated with the time of bubble 
implosion {i.e., when the conditions are compressed and hot and light flashes are generated), 
the generation of gamma photons commensurate with neutron interactions with structural 
atoms, together with the generation of T nuclei at rates that are similar in rate to that for 
neutron production. 

The Appelant submits the following to establish probity and enablement. 

I. In acoustic inertial confinement bubble nuclear fusion experiments (Taleyarkhan et al., 2002, 
2004, 2006), all of which used the teachings of 10/692,755 for enablement, the evidence for D- 
D fusion includes the following key findings of fact: 

1. A statistically significant (4 to 5 Standard Deviations) production of tritium nuclei 
[Science (2002) - Fig. 3; Phys.Rev.E (2004)-Fig.ll]; 

2. A statististically significant (4 to 25 Standard Deviations) number of 2.45 MeV neutrons 
(5cience(20Q2)-Flg.4; Phys.Rev.E (2004)-Fig.8; Phys.Rev.Ltr (2006)-Fig.4]; 

3. An approximately equal number of D-D neutrons and T nuclei produced during any 
given experiment [Science(2002); Phys.Rev.E (2004)]; 

4. The generation of D-D neutrons time correlated with sonoluminescence (SL) flashes 
during deuterated bubble cluster implosions [Science{2O02)-Fig.5; Phys.Rev.E (2004)- 
Fig.7]; 

5. The subsequent (to neutron and SL) emission of statistically significant quantities of 
gamma rays due to D-D neutron capture in hydrogen and other atoms of surrounding 
structures and in the detector; the ratio of gammas to neutrons being about 0.05 to 
about 0.15, and the energy of the gamma rays being " 2 MeV as to be anticipated 
[Phys.Rev.E (2004)-Figs.9,10]; 

6. The attainment of null results (i.e., no neutron, gamma or tritium emissions) for 
corresponding control experiments under identical conditions but with the only 
variation being change of the D atoms in test liquids to H atoms [Science (2002), 
Phys.Rev.E (2004), Phys.Rev.Ltr (2006); 

7. The consistency of the experimentally-observed results of neutrons and tritium with 
theory which, after considering all key physical phenomena associated with growth and 
Implosion dynamics, reveal and predict conditions required for thermonuclear fusion 
(i.e., 1000+ GPa compression pressures and ~ 10* K plasma states) to occur only under 
the conditions of successful experiments. The same theoretical framework predicts 
non-attainment of such conditions for non-ideal thermal hydraulic conditions, as well as 
for low-accommodation coefficient fluids such as heavy water for similar experiment 
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conditions - an aspect which is consistent with experimental findings, [Phys. Fluids 
{2005)-Fig.l3, Science (2002)-Fig. 6]; 

8. The verification and confirmation of the neutron and tritium emission data by 
unaffiliated groups [Nuci.Engr.Design (2005); NURETH-11 (2005); 
Trar»5.Amer.SQC.(2006); lnt.Fus.EnergyMtg.(2006); Bugg Report (2006); Public 
Demonstration Testomonials (2006)]; 

9. The consistency of neutron emission spectra from 5 separate reports with validated 
nuclear infrastructure methodologies utilizing state-of-art Monte-Carlo 3-D nuclear 
particle transport simulation tools (MCNP5 and SCINFUL) developed under U.S. DoE 
sponsorship at Los Alamos National Laboratory and Oal< Ridge National Laboratory - as 
evidenced in Nud. Engr. Des.(2008) - Figs. 6, 7, 9, 11]; and, 

10. Testimonials of successful demonstrations on two separate occasions to collection of 
industry, government and academic bodies [IDI testimonials, 2005)1. 

II. Three affidavits confirming replications of the invention by three un-related and un- 
connected scientist, each of ordinary skill in the Art. These three Affidavits have been 
submitted and are of record (Please see Evidence appendix) . 

The detailed Affidavit of Dr. Xu (para. 3) defines an independent replication of the invention 
enabled by the disclosures qf 10/692,755, in a different location and organization with 
independently assembled apparatus. 

III. The following evidence is further theoretical and experimental support for enablement of 
the invention. The examiner rejects this evidence as the results were published after the filing 
date. 

A. Three independent academic papers defining the results obtained in replication 
experiments { corresponding to Affidavits of II. above) . 

Three independent replications of published sonofusion results (Nuclear Engineering 
and Design journal paper. Vol. 235, pp. 1317-1324 by Xu et al., 2005; Archives of Trans. 
American Nuclear Society, Vol. 95, pp. 736-737, by Porringer et al., 2006; Le Tourneau 
University, Texas, Press Release, 2006; and the Bugg, W confirmation report dated June 
9, 2006 to Purdue University of 2006) of the present invention. Proof of reproducibility 
and repeatability and confirmation of successful fusion signals attainment following the 
apparatus and operations of this 10/692,755 Application from published documents 
were reproduced for the examiner. 

These are three successful replications of the invention as filed. These replications used the 
same methods and design of apparatus of the present invention. (Section II. presents affidavits 

UNITEOSTATES PATENT 10/692,755 Page 16 Of 76 
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of these successful replications). Therefore it provides additional clear probity for the present 
invention. 

The appellant submits that nothing in the observable ambient universe that could affect this 
experiment is known to have changed between the date of filing and this duplicate experiment, 
and the replicators were of ordinary skill in the Art, and therefore the results provide additional 
clear probity for the invention. 

B. The theoretical foundation for super-compression-induced thermonuclear fusion for the 
experimental conditions of the method used for the current application. This theoretical 
foundation takes Into account all relevant physics and chemistry of the condition, it has passed 
worldwide peer reviews and validated by experts as being on sound theoretical foundations and 
published in the prestigious journal Physics of Fluids (Nigmatulin et a!., 2005). This theoretical 
foundation when applied specifically to the method of the present i nvention confirms 
thermonuclear conditions (see Fig. 13 of the paper by Nigmatulin et al., 2005- Physics of Fluids, 
Vol.17, 107106, 2005) with temperatures and pressures reaching in the range of 10*K, and 
1000+ Mbar, respectively -convincingly thermonuclear fusion conditions. 

This Is a theoretical foundation for super-compression-induced thermonuclear fusion for the 
experimental method and apparatus of the present invention. Published in a peer reviewed 
Journal. This theoretical result bv des/an addresses the methods and apparatus of the present 
invention. 

The appellant submits that the theoretical result by design considers the apparatus and method 
of the present invention and therefore the time of publication of the results do not affect the 
additional probity and enablement that this theoretical study provides. 

C. Findings (Fig, 7c) in the premier journal Physical Review E, Vol. 69, 036109-1 to 11, by 
Taleyarkhan et al., 2004 that demonstrates experimentally that D-D fusion neutrons of 2.45 
MeV in energy as required for thermonuclear fusion are emitted in a time -correlated manner 
with the emission of sonoluminescence (SL) light flashes demonstrating that the fusion reactions 
are occurring under hot, compressed conditions for the method and apparatus of this present 
invention application. 

This is an experimental study reported in a reputable peer reviewed Journal that further 
supports enablement of the method and apparatus of the present Invention for producing 
2.45MeV neutrons required for nuclear fusion, in a correlated manner to the emission of 
sonoluminescense light flashes. The approach uses the identical apparatus as noted in the 
invention with the exception of more soottist irated neutron detection aooroaches to get an even 
better statistically significant result . 

With regard to this support for probity and enablement, the examiner argues further, that D-D 
reactions were an non elected species and therefore this result is irrelevant. (The D-D reaction 
case was a non elected species with traverse) However, the Appellent submits that even if the 
examiner limits consideration to the elected part of the invention, a D-D reaction envelopes 
the conditions for a D-T reaction and provides for the record art that establishes factual 

U Nrrg D STATES PATE NT 10/692,755 Pago 17 Of 7 6 A"" ' 



PACE 19/77 " RCVD AT 207/2009 11:27:47 PM [Eastern Standard Time] • SVR:USPTO-EFXRF.6M6 " DNIS:2738300 • CSID:301 320 88 00 • DURATION (min-ss):18-28 



Feb 27 2009 23:32 



301 320 88 00 



p, 20 



experimental underpinnings, (reference: "Gross., R. A., 1984 "Fusion Energy" lobn Wiley & 
Sons.) Therefore, the applicant submits that the D-T reactions will occur if conditions for D-D 
reactions are provided as indicated in the Response of 2008-5-21 as experimental evidence of 
this reaction phenomenon. 

Therefore in this result is further support of probity and enablement as nothing in the 
observable ambient universe that could affect this experiment Is known to have changed 
between the date of filing and this duplicate experiment. 



IV. Furthermore, the applicant has provided in the Appendix, yet another additional confirmation for 
thevalidity of the thermo-nuclear fusion results " Modeling Analysis and prediction of neutron emission 
spectra from acoustic cavitation bubble fusion experiments" Nuclear Engineering and Design 238 (2008, 
2779-2791). 



V. Moreover, further support is provided in the paper on theoretical foundations "The Analysis of 
Bubble Implosion Dynamics" Supplement «2 (Reference 25 in the IDS) and as published in Science: 
www. Sciencemag.org/ t^i/content/full/295/5561/1868/DCl. 

3. In claim 34 "placing at least a portion of said liquid into a tension state, a maximum tension 
in said tension state being below the cavitation threshold of said liquid." , whether there is 
adequate description or enabling disclosure as to how and in what manner one can 
determine: a) that a portion of the liquid is in the so-called tension state; b) the maximum 
tension in a portion of the liquid in a tension state; and c) that the maximum tension is below 
the cavitation threshold of the liquid. 

The appellant respectfully submits that: 

i. There exists a tension state for liquids achievable with tensile forces on the target 
volume of the liquids. For example even in nature mechanical motion of vascular 
passages of plants lead to liquid in tension. (Reference: Scholander,, P. P., "Sap pressure 
in vascular plants" Science Volume 18, pp 339-345 16 April 1965.) 

ii. Therefore a portion of the liquid may be reduced to the tensioned state by applying a 
tensile force to the container walls that is by design in contact with the liquid. Such a 
force may be effected by a mechanical device as in the present invention that may be 
centrifugal force or oscillations of the wall by ar» electro-mechanical device. Such force 
enabling by these two phenomena are well established in the background art. The 
magnitude of the noted force can be increased by design to ensure that the liquid is at 
a desired level of the tension state. 

iii. The specification teaches the regions of the liquid that are in tension as a result of the 

apparatus design. For example originally filed Specification page 47 line 15-18 and Page 
39 lines 19-21. (para [0135] and para [0167] as published). 
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iv. There exists a cavitation threshold for such tensioned liquids by audible and visible 
inspection at adequate drive power of the mechanical force in the presence of 
nucleating particles. 

V. The method or apparatus of the invention can achieve and exceed such a cavitation 
threshold by design as In 3.2 above, as a result of 3.3 above. 

Therefore the appellant respectfully submits that the enablennent requirement is met with the 
background art. 

4. In Claim 34 "imploding said bubbles substantially filled with vapor." whether there is 
either an adequate description or enabling disclosure as to how and In what manner one: a) 
can determine when a bubble has been substantially filled with vapor; b)identify which of the 
bubbles that are allegedly substantially filled with vapor; and c) how many of these bubbles 
to implode to Induce a nuclear fusion reaction. 

The appellant respectfully submits that: 



i; The backgrou nd Art is replete with exposition that any fluid will exert a vapor pressure in an 
adjoining space and therefore such bubbles are substantially filled with vapor of the parent 
liquid as disclosed. As there are no other liquids in contact with the bubble surface therefore 
there is no other vapor pressure exerted. Moreover, considering that there is no attempt to 
intentionally dissolve gases in the parent liquid the resulting partial pressures if any such gases 
are small, however as the parent liquid at some point may have had a surface open to a gas 
such as the constituent gases of the atmosphere, there is likely to be some - even minute 
quantities -- of preexisting dissolved gas in the parent fluid. Therefore the applicant submits 
that all such bubbles are substantially filled with vapor of the parent liquid. 

ii. One or more such imploding bubbles create nuclear fusion as substantiated in the experimental 
observation results of the disclosure. The nature of bubbles that create nuclear fusion are 
defined in the Specification Page 18 lines 20-21 page 19 lines 1-4. 

Therefore the appellant respectfully submits that the disclosure In conjunction with the 
background art is enabling. 



5. In Claim 42 "synchronizing neutron impact with a location in said liquid having a 
predetermined liquid tension level." whether there is either an adequate description or 
enabling disclosure as to how and in what manner one: a) can determine the occurrence of an 
impact of the neutron with the pre-tensioned liquid; b) synchronizes the neutron impact with 
a location in said liquid; c) determines which specific location to direct the impact of the 
neutron. 
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The appellant respectfully submits that the specification discloses the production of tensioning 
of the liquid in synchronization with the nucleating particles. Fig 3, Page 21 lines 8-15, Page 25 
lines 3-20, of the original Specification. 

The nucleating particles are directed in the direction of the chamber and therefore those that 
reach the liquid during the above tension state are capable of nucleating 10-lOOnm size 
bubbles. It is established in the background art that nucleating particles can nucleate bubbles of 
this size in meta-stable liquids. Reference: Glaser. D. A., Phys. Rev., Vol.87, 665, 1952. 

Therefore the appellant respectfully submits that the disclosure in conjunction with the 
background art is enabling. 



6. In claim 34, whether the deletion of the degassing step Is the addition of new matter. 

The examiner rejects claims 34-46 as he notes that on claim 34, as amended: applicant has deleted 
the step, "degassing said liquid to reduce a dissolved gas content therein, wherein said 
dissolved gas is removed using an applied vacuum." Note the following passages in the 
specification that demonstrate criticality of the degassing step in the exercise of the claimed 
invention: 

"To minimize the effect of gas cushioning during implosive collapse, the working liquid 
can be degassed, a priori. Alternatively or in combination, a sufficient vacuum state 
above the worl<ing liquid accompanied by induction of gaseous cavitation induced by 
nuclear particles such as neutrons or via use of lasers or acoustic horns can be used to 
reduce the dissolved gas content in the working liquid to limit unwanted gas cushioning. " 
See page 17, last paragraph. 

Following degassing of the working liquid, the liquid is tensioned and nucleation of vapor 
cavities followed by implosion of the same can be initiated. Tensioning the liquid can be 
provided by a variety of methods, including an acoustical wave source, an 
electrostrictive (piezoelectric) source, a magnetostrictlve source, a centrifugal source, a 
focused (pulsed) acoustic energy or a venturi based system. Preferably, when an 
acoustical wave source is used, the acoustical wave source includes an acoustical 
focusing device, such as a parabolic-type reflector or a resonant cavity to intensify the 
acoustic pressure. See page 17, last paragraph. 

The appellent respectfully submits that the degassing step is an optional step to enhance the 
operation of the method or apparatus even as stated in the above by the examiner: 

"To minimize the effect of gas cushioning during implosive collapse, the working 
liquid can be degassed, a priori." (emphasis provided) 
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For exampie there is no need to de-gass a liquid that is already substantially free of gas. 

The applicant therefore respectfully submits that the claim as amended is consistent with the 
original disclosure which is enabling. 

7. In Claim 44, whether the recitation of "said fundamental particles" in lines 1 and 2 results 
in an insufficient antecedent basis for this claim. 

The appellant has amended the claim to be consistent and submits that as amended it is now 
with claim 34. 

8. In claim 46, whether the term "high accommodation coefficient liquid" Is a relative term 
which renders the claim indefinite. As the term "high" which is not defined by the claim, and 
the specification does not provide a standard for ascertaining the requisite degree, whether 
one of ordinary skill In the art would not be reasonably apprised of the scope of the 
invention. 

The appellent respectfully submits that the specification malces clear what high and low mean. 
High accommodation coefficient is stated to be ~1.0 (the maximum) the value associated with 
organic liquids such as acetone, benzene, tetrachloroethylene whereas, low is stated to be 
closer to 0 citing the value for water at ~ 0.07 which is not recommended for enhanced fusion 
induction capability. See for example Specification as filed for experimental results page 16 
lines 8-20 and validating theoretical foundations Page 70 lines 14-20, Page71 lines 1-8. 

Moreover, the background art has definitions for high accommodation liquids accessible to 
those with ordinary skill in the art for example. Reference 25 in the IDS of 2003 . 
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Comparison -Margulis and Lipson with the presept iaveatioii 10/692.755 for 102/1 Q3 rejectiom 



Table 1:102/103 rejections COMPARISON: 10/692,755 vs Margulis & Lipson 


Gaim 


10/692,755 


Margulis (M) & Lipson (L) 


Operability of invention is 
demonstrated? 


Yes. Evidence presented of 
operability in major scientific 
journals per IDS filings. 


No. There is no evidence of operability of claims 
for neither (M) nor (L). 


Independently replicated 
per teachings of application 
by practitioners with 
ordinary skill? 


Yes. Three signed affidavits 

submitted, preceded by 
corresponding technical papers 
submitted in an IDS. 


No. 


Independent Claims 34, 47 

System on Er>ablement 
regarding the material to be 
fused and environment of 
the system 


ENABLED by D and/or T atoms 
which are in molecules of vaoor of 
workine liouid itself and are located 
within a resonant acoustic chamber 

(with transducers positioned 
outside of the liquid on outside of 
chamber walls). 
No deliberate injection or 
saturation with externally added D 
and/or T gas and no need for 
electric field. 


fL) ENABLED BY Acoustic horn metal tiD(s3 diooed 
into DA hydrogen gas filled liquid 
Or 

(M) ENABLED BY transducers dipped into liquid 
and iniectine eas bubbles with D;T saturating 
parent liquid and with the requirement of a 
constant electric field In the chamber 


Independent Claims 34, 47 
on Mode of acoustic energy 
delivery and Control 


ENABLED by Co-ordinated, 
synchronized acoustically Induced 
tension metastability together with 
incident MeV scale nuclear 

particles. 
Deliverv of acoustic energy 
externally to liquid via container 
only, not to liquid directly. 


(L) Use Acoustic horn metal tiD(s) & 
(M\ orovide acoustic to liauid: enerev imoarted to 
gas-filled bubblets): 
NO teaching of use of synchronized external or 
internal nuclear particles 


Claims 34,42: Method for 
Timing for Generation of 
and Number of bubbles 


ENABLED by Cluster of several 
hundred liauid molecule vaoor 

synchronized in time with the 
acoustic tension field by known flux 
of incident neutrons or other stated 
nuclear particles per Specification. 


ENABLED either with randomly evolved pre- 
dissolved D/T gas from liquid (L) or Deliberately 
inserted D-T Ras bubbles alOHR with Noble Gas 

(Xe] to saturate liquid by dissolved D/T gas in 
liquid (M). 


Claim 42: Location of 
bubble(s) 


Away from solid liquid interfaces 
Interior of working liauid 


On the solid/liquid interfaces. 
NOT in interior of working liauid. 


Claims 34,42,44: 
Time-synchronization of 
acoustic waves with neutron 
or alpha based nucleation of 
tensioned liquid? 


Yes. 


No 
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Claims 34, 47, <48) 
Non-condensible gas 
content of bubbles 


Substantially free of gas 
"0% gas content desired 
Specification. 
Explicitly degassed liquid(claim 48) 


~100% 

(No effort or teaching to degas the liquid) 


Claim 47: Liquid Type in 
terms of accommodation 
coefficient. 


High (~ 1.0) accommodation 
coefficient type - water or liquid 
metals. 


No such specification or teaching. 
Cited liquids of L and M are Low (~0.1) 
accommodation coefficient type - 
such as water or liquid metals. 


Claim 34, 42: External 
Neutron or pre-dissolved 

alpha emitter based 
nucleation of bubbles? 


Yes. 


Impossible. Fusion neutrons, if generated occur 
when the liquid is in state of compression and as 
such it is impossible to use the neutrons from D-D 
or D-T fusion to nucleate bubbles. 


Claim 34, 42: Time-span of 
bubbles in reaction chamber 


Highly Transient; Bubbles are 
formed on-demand and are vaoar 
(not gas) filled which re-condense 
within milliseconds as per teaching. 


Indefinite and continuous life: bubbles in reaction 
chamber are deliberately left there till the D 
and/or T atoms are depleted. 



9. In claims 34, 35, 37-40, 44, 45, whether under 35 U.S.C lOZ(b) are anticipated by Margulls 
(RU 2096934) 

Tlie examiner argues: 

• As to claims 34, 35, 37-40, 44 and 45, Margulis discloses a method for generation of 
high-temperature plasma and generating thermonuclear reactions by providing a liquid 
enriched with a mixture of deuterium and tritium, creating tension microbubbies containing 
such mixture by ultrasonic vibrations and thereby generating thermonuclear reactions. 

• Applicant has not defined which portion of the working liquid is placed in a maximunn 
tension below the cavitation threshold. Absent such definition, the examiner interprets the 
term broadly and reads it on any and all portions of the working liquid. 

• Accordingly, one can always find a portion of the liquid in Margulis that has such 
maximum tension below the cavitation threshold. 

• As to the claimed "nucleating agents", the thermonuclear reactions in Margulis 
inherently produce at least neutrons and photons, and these are inherently directed to the 
tensioned liquid because said particles and said liquid are in the same contained volume of the 
apparatus. 

• As to the bubbles being substantially filled with vapor, applicant has not defined the 
term substantially filled, and the examiner Interprets this term broadly to read on any degree of 
filling that occupies most of the internal volume of a bubble. 

• One can always find a plurality of bubbles in Margulis that is mostly filled with vapor 
because of the heat produced from the thermonuclear reaction . 

• As to the growing of the bubbles and the temperature generated from the system, note 
page 6, last 2 lines in the English language translation of Margulis. 
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The appellent respectfully submits that there are fundamental differences between Margulis 
and the present invention as claimed in Claim 34 and its dependant claims: 

i. Margulis requires a liquid under positive pressure for their reactions - it is a compressed 

liquid. Margulis reQa/res gas insertion into the liquid for their process. Nowhere in 
Margulis is there reference to tensioned liquids. {Tensioned liquids have an absolute 
pressure of less than zero). In fact tensioned fluids cannot support the required seeding 
of D and/or T enriched and saturated gas bubbles together an inert gas, required for 
operation of Margulis. In contrast, the present invention requires a tension state as 
stated in claim 34, but no gas bubbles as required by Margulis. 

ii. Mareulis is enabled b v the introduction of gas bubbles containing D and/or T atoms 
and an inert gas to saturate the parent fluid in a constant electric field . The present 
invention introduces the target D and/or T atoms by vaporizing the parent liquid. 
There is no enablement requirement w/ith gas bubbles in the present invention. Claim 
34 and its dependants clearly state the working liquid to be enriched with D and/or T 
atoms and does not depend on any inserted gases nor the presence of an externally 
imposed electric field. 

iii. Margulis with the gas saturated fluid cannot sustain a tension state. The background art 

is replete with examples of foaming of liquids saturated with gas as an inherent 
limitation for tensioning. For example consider the analogy of a gas saturated soda 
bottle that is opened to atmospheric pressure. Therefore the requirement of a 
tensioned liquid is not possible in Margulis. Therefore, tension micro-bubbles cannot be 
formed in Margulis. Therefore, for Margulis, even if nucleating particles are present, 
considering that a tension state Is not attained, the conditions for these particles to 
Initiate cavitation bubbles in a tension state in the liquid will clearly not be met. 

iv. If thermo nuclear fusion occurs in Margulis, then neutrons produced will be when the 
gas bubbles are compressed therefore the liquid will be under positive pressure and 
not tension, in present invention, a cluster of several hundred highly transient liquid molecule 
vapor bubbles are formed on-demand synchronized in time with the acoustic tension field by 
known (external to system) flux of incident neutrons or other stated nuclear particles per 
Specification. Therefore there is no parallel between the present invention and Margulis 
on the nucleating agents. 

V. If thermonuclear fusion occurs in Margulis, then it is true that there will be soon 

thereafter, rise in the temperature in the predominantly gas bubble. However, there is 
no possibility of the bubbles being substantially filled with vapor before such a 
thermonuclear fusion reaction occurs - if such a reaction were to occur in Margulis. 
The bubbles in Margulis are by design filled with a D and/or T enriched gas unrelated 
to the liquid. 

The appelent submits therefore that claim 34, 35, 37-40, 45 are not anticipated by Margulis 
and should be allowed. 
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10. In claim 36, whether under 35 U.S.C. 102(b) are anticipated by Margulis (RU 2096934] 
with regard to heat exchangers. 

The appellant respectfully submits that there are fundamental differences between Margulis 
and the present invention as claimed in Claim 36: 

Margulis uses two heat exchangers. The first to heat the liquid and the second to convect away 
heat created from a possible thermonuclear reaction by neutrons penetrating a blanket. In 
contrast the present invention coofs the liquid to below an ambient temperature as noted in 
claim 36. 



The applicant submits therefore that claim 36 is not anticipated by Margulis on this factor as 
well. 

11. In claims 42 whether under 35 U.S.C. 102(b] are anticipated by Margulis (RU 2096934) 

The appellant respectfully submits that there are fundamental differences between Margulis 
and the present invention as claimed in Claim 42: 

The appellant respectfully submits that in Margulis, if neutrons are produced with a possible 
thermo-nuclear reaction, such neutrons are available only under positive pressure and 
therefore cannot nucleate bubbles. In contrast with the present invention where the neutrons 
are utilized during a tension phase of the process. Therefore Margulis does not read on the 
present Invention on this factor as well. 

12. In claims 34, 35, 37-40, 44, 45 whether under 35 U.S.C. 102(b) are anticipated by Upson et 
ar., "Initiation effusion reactions In media containing deuterium by cavitation/' Soviet 
Physics: Technical Physics 37 (1992) . 



The examiner states in support of rejection of claims 34-40,42,44 and 45: 

• As to claims 34,35,37-40,44, and 45, Lipson et al., disclose a method for creating fusion 
reactions in media containing deuterium by cavitation. (As to the interpretation of the 
undefined terms in applicant's claim, the discussion above relating to Margulis applies also to 
Lipson et al.]. 
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apparatus are cooled to their respective optimal temperature ranges does not imply that the 
present invention reads on Lipson or for that matter any other cooled apparatus. 

The appellant submits therefore that claim 36 is not anticipated by Lipson. 



14. In claims 42 whether under 35 U.S.C. 102(b) are anticipated by Upson et ai.. "Initiation of 
fusion reactions in media containing deuterium by cavitation," Soviet Physics: Technical 
Physics 37 (1992) . 

The examiner argues that as to claim 42, applicant's claim language, "neutron source" reads on 
the fusion reactions in Lipson et al. that inherently produce neutrons. 

The appellant submits that that if Lipson results in a Fusion reaction the neutrons emitted 
would be available at a time after it has utility in creating cavitation as in the present invention. 

The appellant submits therefore that cfaims42 is not anticipated by Lipson. 



15. Whether claim 41, is patentable over either Margulis or Upson. 
The examiner states in support of rejection of claim 41: 

Claim 41 is rejected under 35 U.S.C. 103(a) as being unpatentable over either one of 
Margulis or Upson et al. The size of the bubble is a parameter that depends upon specific 
design constraints for the system, e.g., the desired energy density of the bubbles (see 
page 5 of the English language translation of Margulis). Thus, it would have been 
obvious to modify Margulis or Lipson et al. where an application requires the claimed 
size of the nucleated bubbles. Such modification would have been within the knowledge 
and capability of one of ordinary skill in the art at the time of the claimed invention. 



The appellant respectfully submits that even if it were proper to com bine background art where 
there is no prior art teaching for their combination, no combination of Margulis and Lipson can 
replicate the present invention as Margulis is enabled with gas bubbles inserted into an 
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unrelated liquid and Lipson is enabled with a metal vibrator or protrusion in the fluid, neither of 
which are required for the present invention. 



Moreover, even if these enablement requirements for Maraulis and Lioson were not present. 
the nnethods of both Lipson and Margulis use intentionally gas saturated liquids that result in 
foaming. Such foaming is governed by the ambient pressures that limit bubble size and simply 
produce more bubbles of the same size. In contrast the present invention utilizes the tensioned 
state of the liquid to stretch and grew the nuclear particle seeded bubbles to the required 
sizes. Therefore the conditions of neither Lipson nor Margulis allow for the growth of bubbles. 



The appellant respectfully submits that this claim should therefore be allowed. 



16. Whether clainfi 43 and 46, are patentable over either Margulis or Upson, In light of 
Didenko etal. 

The examiner states in support of rejection of claims 43 and 46: 

Claim 43 and 46 are rejected under 35 U.S.C. 103(a} as being unpatentable over either 
one of Margulis or Upson et al. in view of Didenko et ol. (Nature 418,7/25/02). IVlarguiis 
or Upson et al. disclose(s) the applicant's claims except for the organic liquid. Didenko et 
al. teach that organic liquids are advantageous for processes involving cavitation 
because of their very low volatility (see page 4, last full paragraph). 

Therefore, it would have been obvious to one having ordinary skill in the art at the time 
the invention was made to modify the method, as disclosed by Margulis or Upson et al., 
by the teaching of Didenko et ai., to use organic liquids (which have high 
accommodation coefficients) for the cavitation liquid, to gain the advantages thereof 
(i.e., low volatility), because such modification is no more than the use of a well known 
expedient within the art. 



The appellant respectfully submits that even if it were properto combine background art where 
there is no prior art teaching for their combination, no combination of Margulis and Didenko or 
Lipson and Didenko anticipate the present invention. 
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Margulis is enabted w ith gas bubbles inserted into an unrelated liquid. Using an 
organic liquid as recommended by Didenko does not remove the enablement 
requirement of Margulis. 



iv. Lipson is enabled with a metal vibrator or protrusion in thp fluid. Using an 

organic liquid as recommended by Didenko does not remove the enablement 
requirement of Lipson. 

V. Didenko (July 2002) is preceded by the priority dates of the present application 

and is therefore not an item of background art (or prior art). 

The applicant respectfully submits that these claims should therefore be allowed. 



17. Whether the duplicate claim 34 ws 44 can be overconfie with the proposed amendment. 

The appellant submits an amendment to remove this duplicate claim. 



18. Whether Claim 47 is rejected as directed to a non-elected Invention. 

The appellant has amended the claim to be a method claim and therefore within the elected 
species. 
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(J) Claims appendix page(s'); 
Claims; 

1. A nuclear fusion reactor, comprising: a) a reactor c|-iannber for holding a working liquid 
molecules, said working liquid molecules including at least two nuclei of heavy isotopes of 
hydrogen; b) structure for placing at least a portion of said liquid into a tension state, said 
tension state being below a cavitation threshold of said liquid, said tension state imparting 
stored energy into said liquid portion; c) a nuclear cavitation initiation source for nucleation of 
at least one bubble from said tension liquid, said bubble having as an nucleated bubble radius 
being greater than a critical bubble radius of said liquid; d) a pressure field source of growing 
said as nucleated bubble to form at least one expanded bubble; and e) a pressure field for 
imploding said expanded bubble, wherein following implosion of said expanded bubble a 
resulting temperature sufficient to induce at least one nuclear fusion reaction is provided to 
said liquid. 

2. The reactor of claim 1, wherein said structure for placing said liquid under tension comprises 
and acoustical wave source. 
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3. The reactor of claim 1, wherein said structure for placing said liquid under tension comprises 
an acoustical wave source. 

4. The reactor of claim 2, wherein said acoustical wave source includes an acoustical wave 
focusing device. 

5. The reactor of claim 1, wherein said structure for placing said liquid under tension comprises 
at least one centrifugal source. 

6. The reactor of claim 1, wherein said structure for placing said liquid under tension comprises 
at least one magnetrostrictive source. 

7. The reactor of claim 1, wherein said structure for placing said liquid under tension comprises 
at least one piezoelectric source. 

8. The reactor of claim 1^ wherein said nucleated bubble radius is less than 100 nm. 
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9 . The reactor of claim 1, wherein a ratio of a maximum radius of said expanded bubbles 
divided by said nucleated bubble radius is at least 105. 

10. The reactor of claim 1, wherein said nuclear source comprises at least one selected from 
the group consisting of alpha emitters, neutron sources and fission fragments. 

11. The reactor of claim 1, wherein said nuclear source comprises a neutron source. 

12 . The reactor of claim 11, wherein said neutron source is an isotopic source having at least 
one shutter, said shutter opened to synchronize neutron impact with location in said liquid 
when said liquid is at a predetermined liquid tension level. 

13. The reactor of claim 1, wherein said nuclear source comprises an alpha particle source. 

14. The reactor of cla I ni 13, wherein said alpha particle source is dissolved in said liquid. 

15. The reactor of claim 1, wherein said liquid comprises deuterated acetone. 
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16. The reactor of claim 1, wherein said reactor further includes a controller for synchronizing 
delivery of at least one cavitation signal from said cavitation initiation source at a 
predetermined location in said liquid. 

17. The reactor of claim 1, further comprising a structure for cooling said liquid to a 
temperature below an ambient temperature. 

18. The reactor of claim 1, wherein said fusion reaction generates at least one of tritium and 
neutrons. 

19. The reactor of claim 1, further comprising at least one external constraint for restraining 
said liquid. 

20. A nuclear fusion-based electrical power plant, comprising: a) a reactor chamber for holding 
a working liquid; said working liquid molecules including at least two nuclei of heavy Isotopes of 
hydrogen; b) structure for placing at least a portion of said working liquid into a tension state, 
said tension state being below a cavitation threshold of said liquid, said tension state imparting 
stored energy into said liquid portion; c) a nuclear cavitation initiation source for nucleation of 
at least one bubble from said tension liquid, said bubble having an as nucleated bubble radius 
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being greater than a critical bubble radius of said liquid; d) a pressure field source for growing 
said as nucleated bubble to form at least one expanded bubble; e) a pressure field for 
imploding said expanded bubble, wherein following implosion of said bubble a resulting 

temperature sufficient to induce at least one nuclear fusion reaction is provided to said liquid^ 
and f) structure for converting energy released from said fusion reaction to electrical energy. 

21. A nuclear fusion-based projectile launcher^ comprising: a) a reactor chamber for holding a 
working liquid molecules, said working liquid molecules including at least two nuclei of heavy 
isotopes of hydrogen; b) structure for placing at least a portion of said working liquid into a 
tension state, said tension state being below a cavitation threshold of said liquid, said tension 
state imparting stored energy into said liquid portion; c) a nuclear cavitation initiation source 
for nucleation of at least one bubble from said tensioned liquid^ said bubbles having an as 
nucleated bubble radius being greater than a critical bubble radius of said liquid; said bubbles a 
resulting temperature sufficient to induce at least one nuclear fusion reaction is provided to 
said liquid^ and d) a movable constraint bounding said reaction chamber for transferring energy 
from said fusion reaction to propel a projectile, e) a pressure field for imploding said expanded 
bubble, wherein following implosion of said bubble a resulting temperature sufficient to induce 
at least one nuclear fusion reaction is provided to said liquid, and f) a movable constraint 
bounding said reaction chamber for transferring energy from said fusion reaction to propel a 
projectile. 
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22. A method for producing nuclear fusion, comprising the steps of: a) placing working liquid 
molecules into a tension state, said working liquid molecules including at least two nuclei of 
heavy isotopes of hydrogen, said tension state being below the cavitation threshold of said 
working liquid, said tension state imparting stored energy into said working liquid; b) cavitating 
at least a portion of said tensioned liquid with nuclear particles sufficient to bubble nucleate at 
least one bubble, said bubble having an as nucleated bubble radius greater than a critical 
bubble radius of said liquid; c) growing said as nucleated bubble to form at least one expanded 
bubble using a pressure field; and d) innploding said expanded bubble, wherein a resulting 
temperature from said implosion is sufficient to induce a nuclear fusion reaction involving said 
liquid. 

23. The method of claim 22, wherein said fusion reaction is a D-D reaction or a D-T reaction. 

24. The method of claim 22, further comprising the step of degassing said liquid. 

25. The method of claim 22, further comprising the step of cooling said liquid to a temperature 
below an ambient temperature. 

26. The method of claim 22, wherein a centrifugal source is used for said tensioning. 
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27. The method of claim 22, wherein an acoustical wave source is used for said tensioning. 

28. The method of claim 27, further comprising the step of focusing acoustical waves provided 
by said acoustical wave source. 

29 The method of claim 22, wherein said as nucleated bubble radius is less than 100 nm. 

30 , The method of claim 22, wherein a ratio of a maximum radius of said expanded bubbles 
divided by said as nucleated bubble radius is at least 105. 

31 . The method of claim 22, wherein a neutron source is used for generating neutrons, further 
comprising the step of synchronizing neutron impact with a location in said working liquid 
having a predetermined liquid tension level. 

32 .The method of claim 22, further comprising the step of synchronizing delivery of at least 
one cavitation initiation signal with a desired tension level in said liquid. 
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33 . The method of claim 23, wherein said liquid comprises deuterated acetone. 

34. A method for producing thermonuclear nuclear fusion, comprising the steps of: providing a 
worl<ing liquid enriched with molecules comprising isotopic D or T atoms ; placing at least a 
portion of said liquid into a tension state, a maximum tension in said tension state being below 
the cavitation threshold of said liquid, said tension state imparting stored mechanical energy 
into said liquid portion; directing fundamental particles , at said liquid portion when said liquid 
portion is in said tension state, said nucleating agents having sufficient energy for nucleating a 
plurality of bubbles substantially filled with vapor from said liquid, said bubbles substantially 
filled with vapor having an as nucleated bubble radius greater than a critical bubble radiusof 
said liquid; growing said bubbles; and imploding said bubbles substantially filled with vapor, 
wherein a resulting temperature obtained from energy released from said implosion is 
sufficient to induce a nuclear fusion reaction of said isotopic D or T atom comprising molecules 
in said liquid portion. 

35. The method of claim 34, wherein said thermonuclear fusion reaction Is a D-D reaction or a 
D-T reaction. 

36. The method of claim 34, further comprising the step of cooling said liquid to a temperature 
below an ambient temperature. 
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37. The method of claim 34, wherein said tension state is a part of a time-varying pressure 
state including compressive and tensile portions. 

38. The nnethod of claim 34, wherein said tension state is a constant tension state. 

39. The method of claim 34, wherein an acoustical wave source is used for said tensioning. 

40. The method of claim 39, further comprising the step of focusing acoustical waves provided 
by said acoustical wave source. 

41. The method of claim 34, wherein said as nucleated bubble radius is from 10 to 100 nm. 

42. The method of claim 34, wherein a neutron source is used for said nucleating, further 
comprising the step of synchronizing neutron impact with a location in said liquid having a 
predetermined liquid tension level. 

43. The method of claim 34, wherein said liquid is an organic liquid. 
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44. The method of claim 34, wherein said fundamental particles are selected from the group 
consisting of alpha particles, neutrons and fission fragments. 

45. The method of claim 34, wherein said growing and imploding occurs responsive to an 
applied acoustical field. 

46. The method of claim 34, wherein said liquid is a high accommodation coefficient liquid. 

47. A method for producing thermonuclear fusion, comprising the steps of ; filling a chamber 
wlth a high accommodation coefficient liquid; inducing tension in said high accommodation 
coefficient liquid; directing a nucleating agent comprising at least one of: neutrons, alpha 
particles, photons and fission products to said chamber; enhancing the size of the nucleated 
bubbles in tension to a volume greater than a predetermined volume before inducing 
controlled implosion; thereby producing thermonuclear fusion. 

48. A method of claim 34, wherein the working liquid is de-gassed prior to being put in a 
tension state. 



UNrrED STATES PATENT 10/692,753 Page 39 of 76 

PAGE 41/77 ■ RCVD AT 2^7/2009 1 1 :27:47 PM (Eastern Standard Time] ■ SVR:U8PTO-EFXRF-6/46 ' 



APPEAL BRIEK 



' DURATION (mm-ss):18-2S 



Feb 27 2009 23:35 



301 320 88 00 



p. 42 



(K) Evidence appendix pages 

Affidavit Xu Pages 41 - 48 

Affidavit Cho Page 49 

Affidavit Bugg Page 50 

Nuclear Engineering and Design paper Page 51 -63 

IMureth - 11 Paper Pages 64-75 



UNITED STATES PATENT 10/692,755 



PAGE 42/7? * RCVD AT 2/27/2009 11:27:47 PM [Eastern Standard Time] • SVR:USPTO-EFXRF-6/46 ' DNIS:2738300 * CSID:301 329 88 00 « DURATION (mm-SS):18-28 



Feb 27 2009 23:35 



301 320 88 00 



p. 43 




This afffdavit is being supplied to state that if called upon, VIban Xu Mould be competent to 
confirm as to theeccuracy of the following in relation to the experiments on bubble (sono) 
fusion that I have conducted or participated In: 

1. I am making this statement of my own personal knowledge and of my own free will. All 
of the ^cts contained In this statement are true. 

2. I obtained my PhD In lUudear Engineering from Purdue University in 2004. 

3. The bubble fuston test cell apparatus used for my Independent confirmatory studies (Xu 
et al., 2G05) was based on the teachings and design Information of the invention 
document ei^tltled "Methods and Apparatus to Induce 0-0 and D-T Reactions - Co- 
Inventors: Rusi P. Taleyarkhan and Colin D. West; US Paterrt and Trademark Office 
(USPTO) Application 10/692,755, Filing Oate Oct. 27, 2003, Puh.Oate: Jun J3, 2005" also 
used by the Taleyarkhan et al. team as reported in their published papers (Taleyarkhan 
et ai., 2002; Taleyarkhan et ai.. 2004; Taleyarkhan et al.; 2006). 

4. There was no intentional effort to drssolve gases Into the test liquid prior to conducting 
bubble fusion experiments but degassing was conducted per teachings of USPTO 
10,692,755. 

5. Control experiments were systematfcaliy conducted changir^ only one parameter at a 
time, This was done to ensure that thermonuclear btAble fusion signals (neutrons 
ard/w tfitfum) were generated only when the test liquid was deuterated, and when it 
was undergoing nuclear particle based cavltatfon vOVti spherically impeding bubble 
clusters per teachings of USPTO 10,692.755 {F|g.3), all else remaining the same. 

6. The weD-hnown required signs of thermonuclear fusion (Gross, 1M4) were reproduclbV 
obtained, peer reviewed, and recorded as published In my studies. These Included: 
emiss/on of neutrons of -2.45 MeV wltf» over 11 standard deviation (SO) sUtlstical 
significance as shown In Fig. la. The appropriateness of the measured spectral shape 
for my experiments as representing 2.45 MeV neutrons from nudear fusion was abo 
separate^ confinmed (Fig. ib) with a 3-D Monte-Cario based siraulatkmof my 
experimental system using welMtnown and established US-federally sponsored 
computer code* {MCNP'. 2003; Dickens, 1998) togetlwr with an Independent method 
based on connblnattoft of the wetl*known MCNP code system with the actually measured 
and pubflshed neutron spectra for my detector type (Lee-Lee, 1998). These results are 
commensurate with teachings of USPTO 10/692.755 (Fig. ll). 
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7. My experiments also ex»mined for tritluni 8S would be emitted from nuclear fusion, and 
it was found that the neutron emissions of para. 6 above, were reprodudbly 
accompanied with cammenturate emission of tritium with over 4 SO statistical 
signifk:ance <Fig. 2} when bubble implosions were spherical (Fig. 3a> versus elongated In 
the form of streamers (see Fig. 3b), when such fusion does not occur. When the bubble 
implosfons were spherical (Fig. 3a) they are audible and recordable shock traces which 
are aiso accompanied with emission of light flashes (Fig. 4a) thereby, indicating hot, 
highly compressed conditions for my experiments as would be the case for 
thermonuclear fusion. Poritlve nuciear emissions from my experiments indicative of 
thermonuclear fusion were obtained reproducibly on several different days and also on 
wtthin the same experimental campaigpi on a given day. These results are 
commensurate vrfeh teachings of USPTO 10/692,755 (Figs. 3, 10, 11, and 12). 

8. Production of neutrons as byproducts of this method and process have significant 
potential utility, e.g., for Interrogation of materials for non-dcstructlve examination of 
molecular compounds as at airports and cement industrfes, for radiation therapy, for 
diagnosis. The same Is true for tritium, a special nuclear material of significance not 
only for the commoniy attributed use for maintaining the nuclear stockpile but more so 
for wide variety of industrial applications as use in airport runway lights, non -electricity 
based passive lighting, use as a radio-tracer and taggant for molecuies Jn molecular 
biotogy research. The utlltty aspects of a neutron-tritium source »t6 %weii established 
(see, e.g., Waitar, 2004). 

9. This method of ir>duclng D-D and D-T reactions Is furthermore, distinct in that there was 
no acoustic liom or such vibraitor that was dipped into the test liquid during conduct of 
my reported bubble fusion experiments, in my bubble fua'on experiments of the type 
reported by Taieyarkhan et al. the nudeation of bubbles occurs away from solld-4iquld 
Internees. Acoustic ertergy was provided into the test liquid by use of a piezoelectric 
element epoxied to the outside of the glass wail. 

10. in the experiments that I was Invohmd, care was talcen to ensure that there were no 
extraneous sources of nudear particles that could have given rise to the bubble fusion 
signatures as reported for my experiments and studies (Xu et at., 200SK 

11. Tfie pressure distribution of the bubble fusion test oeli (as used for my studies tused on 
teachings of USPTO 10/692,755 produces neutron sensith« cavitation regions away 
from the solid-liquid interfaces. This is due to the pressure profiles whidi ensure that 
bubble nudeation talces place within the bulk of the liquid once the input power is 
Increased above a certain level readily determirwd experimentally. This attribute Is a 
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consaquence of the pressure profiles in such a design which is an aspect that I have 
c»tiflrmed for myself whUe conducting osclllattng pressure mapping tests also. 
12. It Is a weU-fcnown fact (Gross, 1984) that conditions for O-O fusion subsume conditions 
for o-T fusion which are "100 times eas ier to Initiate. 
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Hg. le: StBtUUcally significant (ove;- 11 standard devtaUons) 2.45 MeV e» 
th«rmonucl««r fiisjon witii neutron seeded cavitation et deuterated acetone(C3060} and null retutts 
from control eicperiments with nofvdeuterated acetone (C3HfiO) under Identical condfUpns; conflnns 
teachings of USPTO 10,697,755 (Rg. 11). fig.la is excerpted from Xu et el. (20QS, Nudecr engineering 
and Design ioumal): 




ng.lb: Independent Numerical Afffrmstlon of 0-0 fusion 2.45 MeV neutron spectra with 3-D Mente- 
Carlo Cbmputer Model simulations of Xu et. al. (2005) expenment using tMO Independent apfiroaches: 
MCflP-SONnit USDoE codes (Oldcensi, IStt; MCNP, 2003) and MOfP-ljeeLM (1998) Measured NE.213 
detector l>redlctlans. 
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Fig. 2: Statlstk^ly slgnifTcant (4 standard devlatfons) , RsprodudM^ 1H) nuclear fusion based tritkim 
emission with neutron seeded cavttaHon of dfluteroted acetone with spherical Imploding bubble clusters 
and nu II results for all other control experiments commensurate with teachin«s of VSPTO 10,692.755 
(Hg, 10); Nun results are also noted with C3D60 when bubble shapes ere non-«pherical (streamers); Fig.2 
excerpted from Xu et al. (2005). 
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Hg. 4b: SL light flashes for iphericaFty Imploding bubblei tolloMwd by shodi wave 30 |is totar for 
»phericaltyimpto(Hnsbubbl«seemmensuratewith teachings of USPTO 10,682.755 (Rg. 3); Fig^ is 
merpted from Xu et al. (2005, NURETH-11). 
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ng. 4b: Absence of SL Ifght ftatha and shock s^nais for non-spherluHy (mploding bubbles leadftig to 
unsuccessful bubbte fusion, per USPTO 10,«M,7SS; Fig. 4b is eaictrpwd from Xu et aJ. (2005. MURFTH- 
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This iffi davit Is bel ng tuppltad to stite that If rallied upon, I, JaeSeon Cho would be conipetent to conflrm a> to (he 
aceuiacy of the following in retoliontothe experiments on bufcbia (ions) fuston thsti have conducted or 
psnMpned In: 

1. lam iraMnft thb natement of my om\ personal knoiwlsdga and of my own free wll I. All of the f»eis 

contained In this statement are true, 
i. I obtBlned my PhDIn N««l«areiiglneef<nj in 1999fram Scout National Unlwerilty and I cuirendy work for 

FNC Tach. Inc., 8 hlgh-teehnolOBV company In S. Korea whore I rufde. 

3. The fetibUa fvilon teat call apparatiu usadfarmystudiet W9S basedon the design uied by The 
T^yarthan et al. team as reported In theirpublUhed papers Talevarkhan «t al,, 2002;TslevBiU>snc( ■>., 
2004; Taleyarfchan at al.; ZOOS), This b tiue alio for tha apparatus In my paper (Che eta!., 2003) . 

4. There was no Intentionai effon to dissolve tMea Into the teil liquid pHor \o conducting bubble Fusion 

5. Control eKperlments were conducted to ensure that bubble Fusion signals (neutraiuand/ortritUjnnJwere 
generated only Mtien the text liquid was deutereted, and when It was undergoing nuclear particle based 
eavKatlan. 

6. Ther e was no acouitlc Hom or such vibrator tha t was dipped Into the te»t liquid during conduct of my 
reported butsblafuticn eicperfmtnls. In my bubble fusion experiments of the type re porta d Ijy 
Taisyarth^ et al. the nucleatlon of bubbles occurs awayfrom sollcWlnuId Interfaces. Acoustic energy was 
provided Into the test llquMby use of a pleio-electric element epoaiedto the outside oF the glass wall. 

7. Intheexperlmenisthat I was Invohwd/ care was taken to ensure that there were no extraneous sources 
of nuclear pait[cl»s that could have given rise to the bubble fusion signatures as reported for my 
oqiertraents and studies. 

8. TKe pressure drstrlbuHon of the bubble fusion test cell as used for my studies (Che et al. 20M) was based 
Oit the Taleyerkhan etBl., 20O2 detign< itproduees neution sensitTwe fegrons away from the lelid-Iiquid 
Interficn. This is duets the induced pressure prof Hes, whrdt ensure that bubble nuebfttlon takes place 
whhin the bulk of the liquid. This attribute U a consequence of the preasuna profles in such a design 
which Is an a ipect that I have confirmed far myself while conducting esclllattng pressure ntapplng tens 
(tee rigs. 2and 6 of Ova et all; 3004). The threshold presuue far neutron bassd nuefeation Is readily 
determined by lncreadng«»ustle powertoths point urhere nuclear particle based cswItallOB begins. 



' CTo, J. A. P.Taleyarkhan. Proc. 10* Int. Conf. NucL Raac. Thermal Hydraulics. Seoul, S.Konsa. October 
5-9. 2003. 
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This affidavit Is being supplfed 1o stale ^hQl if cailed upon, I, vviiiiam Bugg would be 
competen* to t.eslify as to the ciccurocy of the ronowlng in relation to the experiments 
. and studies on bubble (sono) fusion that I have .conducred or participated in: 

1. I am mokina this affidavit of my own personal knowtedge, ond of my own free 
wUI. All of the facts contained In this affidavit are true. 

2. I obloined my PhD in 1 959 from the University of Tennessee-Knowille, where I 
served as Head Oi-.Physics from 1 969 to 1 ')96. lama Feltow of th© American 
PnysicaE Society and dm currently a sci&ntjfisTasecircheraf Stanford University's 
SLAC facility. 

3. The bubble rOslon test cell apparatus used for the- confirmatory studies I was 
involved In (Bugg, 2004) was similar to that used by the Taieygrkhan et gl. team 
as reported in fheir publishefd popers {Taleycwlchan et al.. S002; Taleyarlchan et al., 
2004; Taleyarkhon et al.; 2006). 

4. There wos no intentionol effort to dissolve Qmes into fha test liquid pfior to 
conducting bubble fution exRertmerits, ©rr=fne contrary the containers were 
initioBy pu mped to remove posses. 

5. Control experirrsenls were conducted to ©nsufe ttxjt bubble fuslor« signols 
(neutrons and/or tritium) were generated only when tti,e test liquid wqs 
deuterated, and when It was undergoing nuclear portrcle based cavitation. 

6. There w^as no acousflc.hom or such vibrator ttiot was dipped into the test liquid 
durtng conduct of my bubble fusorv experiments, m my bubWe fusion 
expenments of the type reported by ToleyofiiKan et al. fh© nucteation of bobbles 
occurs awoy from sofia-liciuiid interfaces. Acoustic energy was-provided Inio the 
test Eqold by use of a piezo-eleetric element epoxlecf t<i the ouisid© of the glass 
wolf. 

7. In the experiments that I wos.fnvolved In, I carefully erisured the aiasence of 
external sources of r>eutrons (such as.CdIlfomiumj ttiat. could have grven rise to 
the bubble fusion ne*Jtfon emission signatures os documented fn my report 
(Bugg,20O6). 

8. Forthebubbi! 

spherically-shc, ._ ... . 

away from the walls of containers. 

References Citsd Above: 

n June 6-7 Visit.." Report to Purdue Universliy vloemoO 

. Toteyartihan, R, P„ et al.. Science, 295, 1S&8, 2DOai 

. Taieyartchon. R.P.. et ol.. Phys. Rev. B. 69, 2D04. 

• Taleyorkhon. R.P.. et al., Phys. Rov.;^tfs., 96. 034301, 2006. 
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Modeling, analysis and prediction of neutron emission spectra from acoustic 
cavitation bubble fusion experiments 

R.P. Taleyarlchan* *, J. Lapinskas*. Y. Xu». J.S. Cho''. R.C. Blocks R.T. Laheyjr^, HJ. Nigmatulin'' 

•Mtai UflftTOUji Vtet! laHyau. W47*J7, VIA 

• /NC 7kA. U>«. Seoul MMlonil IMmily. fiulil Ngrn 

1 JtutOn Aadenv efStltma. Moscow Runia 



ft R T r c t B I ^ 



ADCVpudTJUJW : 



1 speonl cfuracnrbtlca *t Ihe detectc 

idic».Our])nltctjve4pproachwaiSritcalibn«eilAnd«aKilat«d«sata3t 
m emitted fioina spontancDuj As!lODSOUKcC*'C0i Rorn z Pu-B<iDiiKe 
aensi^t[c14.1 M«Vnc» ; Uui i t.tP t <cc U vgly.Three-<Hineo»l»nfllWonie- 



tbe wclMmown MCNPS trsispart-CDdc (brltie puHisbed orisliial expedmeBCal stiKSlei of TUeyaiMua n . 
' *l. rnHeyoridsm, et iL, 20O2.Sclciiw 295, U68: TUeyatVlun «ral, 2004. RrysL Rev. EOl 036109: We- 
yarfchan. ct at. 200ta. PRL 96^ 0343 0] : lUcyailihm, et A. ZOOStat. FM. 97, 1-49404] at ilis the lucosafUl 
conllnnallan itudlci of Xu et ad. |Xu. Y_ et al, 3009. Nuckar Ens- De*. 23S. 1317- t32tL lhainget tt iL 
[Fontnger, E.. «t 2006a. Thuuaetioa onAmrricaa Nudear Snclety CBnteesce; voL SS, AUniqunqu^ 
NM, USA. November IS. ZOOS. p. 736; rbtTEnger. E. et aL. zaOBh. Praccedinsf oT tb» InDernatloiul Con- 
ference on FudoaEnecBr, Albuquerque. NM. USA. Nouemter M. 2006| ind Bun (Buk W. 2<U6. Iteport 
Ki Activities on June JOOSVbit. Kepocr 0 PurIiib Unlvenity. Jose?, lOOSt- NE-213 liquid idntjllation 
(L5) detector leipoiue vai cakulsced uiios ttir saMFUL code. Iheie were crois-cbecked niinga lep- 
intt Independent appioacb involvics weighting and cmvolulIII( MCNPS piedjcCont with pubUthed 
experiisen&lly measured NE-21 J detector nEutron rEsponse cuives Cot monoenersetlc nnaninx <i wui- 
ou< eneisrei . The Impact neutron pulse-plleup during bubble fusion waa veriRed and entmned Hlth 
pulsed Dcucron geneiitor bated exper{ine.iD and flrat-prlnclple calculatlaos. Result! ofniiMirling-cBcn- 
rxperiinentation we tv To utKl tp be con j i teent with Mbllihcd exjxricnencally obHrved neutron spettn for 
2.4S MeV nautnin emiuons duririK aoouxtje cavilatiDn {bubble) fun'on etpctinicnlal condltjoni iMch t nd 
without ice-pack (thn-iral) itueliling. Caleuhlrd ncuiron ipectra with the IncJuilon of Ice-paclt ihlrlcU 
Ins are ooiuiitenr witli i)ie pobllthed xpec»a htm experunenta oTT^IeyaiMian at al. (T^lsyarkhan. e< aL 
2006a. Fia96.0343Dl)iiid Xki ecal. |Xu. Y,et aU 2'30S. Muclw t^Ots.laS. 1317-1 J24| vwbere kv-patk 
ilueldins vat pruent: whereas vriiiiout ice -p4clc riueldlxjtlie calculated neumn spectrum iseontutmt 
with Oe cxpeHmenial^ ofaserved oeunois ipectra orTal^itkhan cr aL [Taleyaildun, et al.. 2O02. Sci- 
anee 29S. ISfiS; Taleyirtihao. et al. 2004. nef». Rev. E £9. 036tO9J and FMrinser et aL [ronlneer. E, et aL. 
200Ea.1Yaiiaact]9non AmeHcan Nuclear Society Confute nee. voL 9S, Aibuqveique, I4M, USA. Newotber 
ls.20QflLp. 736:riarriiigBr, E,«tal., 2006b. ProceedlQss ofmel-nteramanal Con/tereneeon FuilsnEiuisy. 
Albui|uen{ue; NM, USA. Kopvember 14, 2006J and alio Itucftom CEANT compvcer code (AeottinellL S. 
et al, 2003. Nuclear mnium. Methcdi Phyi. na. A SOe, 2X3-3031 predlctkmc fNaranJOh B. 2006. PRL 97 
(October), 149403; in which Ice ihieldLng vrasalM absent. 

The lEiulu of Ms aictiNT conflrm Itor ibe record tttai: Uk conMiiIon and ooniiovenln caased ftom 
past reports [Beidl. £. 2006. Naiure CMa(^> Oea30a ne«n«uaife.coni; Naraitja B. 2006. PRL 97 



Ct oUbrnlum: CI. Curie: a deuuetlum; CSANH 
U. endemam o4sdi]iili>t1aii liquid faomNutJCir Eottipifii 
' t, ptetooiulll-tieTyniuin. SClMrUU • ' 



II.' niil<»;un!uu<lu<ilJ>. ia]iraAt%aa). 
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( October) 149403 J hav» rejulted from their ncskct of Important dataili of bubble fiislon ocptriiruots. 
Rciulattom this paper dEmannratE thatlcefiackstilelclCng berwera chrdcrecnrandchcruilonoiunm 
tource.gamma pJU5tDn3<»j!*geafnJ neinnn pulce-plleup dueu plcot«con«S (Suncion neuonn puli» cmii- 
" ma tfrccHng the <peRra of neutiont from acoustic inenSal conflntmnu 

e 2IKIS asevier B.V. Ml right) iwrved, 



In 200S.evlcl«ncewM presented (ora unique, new stand-alone 
•eou*Hc inncjal connncmcnt liialori device- chat was succcsafuily 
tested ind icsuU% published (T^l^arkhan et al, 20D6a)i Thoje 
experiments were conducted with tour dlfTerenc liquid types in 
which bubble J were nucleated witiujut the use of external neutron 
scHjreei. Four ImtepcndentcJetcccor systems were used [a oeutrDn 
track plastic detectsr to prwide un^mbi^ous Visible records for 
bsc OEutrans, a Lil thenrul aeutroo dftector. a NE-213-type iitr- 
uid jcintiJtation <LS) detcdjor. and a Nal ginuna (y) ray detcctorl. 
All detector syslems meanjieid stMittically significant (from B to 
204- standud deviations; nuctrar emls^ioas for expert tnents with ' 
deuterated benzene and acetone mixtures b uc not for experiments 
with heavy water, a finding which validated theomical predic- 
tions (Nigmacultn ct aL. 2005) of ourslniulBCions of the Implasion 
dynamics which indicated that heavy vwter would ixK be a aood 
chDioe far aKaCnItig thermonuclear lUslon In imploding bubbles. 
The iheasured neulron eneisieS fiottt buUile fusion experiments 
were, as expected, sub(t3niial)y 4Z45MeV. Control experiments 
did not result In statistically significant neutron or-y ny emis- 
sions. These t^servations of neutron emissions In scLT-nucIejted 
eftperiiDents with deuterated benzene-acetdne mixtures but not 
for Che controls (I.e, noit-deuteraced mlxturei) have'been success- 
fiiDyconflnne*i(FDrrinBeiec»I..2CWSj,b;Busg,2006).rn the studies 
of FtrrlngBT et aL wd Eugg. the experimental conilgur^tiens they 
used were dlfftit nt from that used by TaleyarVhan ei aj. [ZOOSa.b). 
The two experimental eonnguiattoni are shown in Tfe and b 
. As noted therein, a principle distinguishins factor between the 
[WO conagnratlans is the presence or absence of ~3 cm oflce-padc 
isiaterialsBctlnsasthennalshleldlnsarounddieteaecelleoctQSure. 
Whereas, la the reporud fxperimental systems omieyarlchan et 
al. (2002. 2004, 20OeB.b} the ice-pack shieldlog was lequired nnd 
pieseni, the same was not true lo the experiments conducted by 
Forrlnger et aL (2006a.b}and Bugg (2006). 

Tic icsuhs of laleyarlcban et al. (2005a) usfnj the tS detec- 
tor system o{r«ned the highest level of statistical signlflcuice af 
above 17 icaodard deviations <SLD.X Bsrause of the piasence of 
i^^ervening loe-padt shield inj^. the published ntninon spectrum 
CTaleyarkhan ert aL SOOea} inoorporated duuacteristics that were 
difTefrnl fn>fn the shaprDft^ neutron spectrum for* tnonaenei^ 
setic2.4S M aV neution cmarutiag from the beat celt without having 
to intvrjct with ice-pack shielding. A qualitative discussion was 
provided (Ta^e^rfclun n al., SOOeb) in response co questions and 
comments raised from code calculations forthe presumed geomet- 
ric conlisuratlon by Naranjo t20O6) of thelFniveisityorCaUrornia 
at Los Angeles (UCUVJ. Unfortunately, the UCUV predlctioas were 
iiTa<le Tor an Incorrectly presunied c^tpcrlttMtntsI cvnAguiatlon Ce.^. 
irvith no ice- padta } and wduI d actual ly be mote appli cable Ibr com- 
paiisoiu with the ptihlishM measured neutron spectnofForringer 
et sL C100SaJ>] and lUeyarkhan et al. (2002. 2004) rather than 
thBaeofTaleyaifdianel al (lOOSaKNevenheless. theseRaully simu- 
lations seeded and caused coosMerahle concranwrsy and conftiston 
(Reich, 2005; Naranjo. ZOOSJl 

In 2002 and 20O4. evidence was licst presented for tbe neu- 
tion spectrum measured during extzmal neutzon-based acoustic 
cavllation experiments CTaicyaikhan et aL. 2002. 2(U>4\ lo these 



experiments nucleacion of bubbles in puie deutetated acemne 
(CsDeO) was achieved using a 14.1 MeV pulse neutron generator 
(PNC).The test georaetry for this study Is shewn inBg. Id. Although 
the enclosure ia similar to that for Fig. la. Che LS detector was 
positioned to be within the enclosure as shown with no Intervea- 
iitg ice-pack materials. The results of the 2O0A studies rrpoited 
by Taleyar*h3n ct al. <2004; were successfully confirmed in stud- 
ies repotted by Xu et al. (2O05) in which chey usexl a ditTereBt 
experimental enclosure type as shown in Rg. ic, and tjic bubMc 
nucleatioR was conducted usin£ fandomiy emitted neuBons fro id 
an isotope cource. Hewever. as for t he self-nucleatlontaubfale fusion 
reports of Taleyaitchan et aL (30O6a J>)l In the XU ee at (2005) scud- 
les, ttielr LS detectnr was also posilianed outsitie the freezer, and 
as such, a ~I-4 cm of Ice layer was also ppesent between the test 
cell and theLS detector. 

The purpose of this paper i 5 to present a compreh eiuive unifying 
stu^forallthe reported successful bubble fusion studies with the 
goal tjo remedy the unfortunate controtirrsles andconfusiinresult- 
ing from the missulded simulationa Ebr incorrect experimental 
eonfiguratlons as reported la the lloetature (Reich. 2006; Naranjo, 
20O6X well as due to the omission of important effecB such 
as'pulse-pilevp and gamma photon leakagt For cornpletsness, we 
have conducted simulations of successful pufalithed studies not 
OQly far the self-nudeation experiiretvts. inii aiso. for the exoerrval 
neutron-based experiments. 

Questions have also been raised (iteich, Z006) concerning the 
detectlo n at neutron counts In cha nn efa higher than the Z45 MeV 
proton recoil edge rME). The present paper includes results of 
analyses, badced up with experirtiental evidence. Tor clarifying 
the principle mechonianu conceirdng such occuirence for bubble 



2. TWO Independent ukn 



In order to evaluate the relatlveeffectson the eiqiected 2.45 MeV 
spectrum with and without Ice-pacli shielding we conducted 
auexsnsentswith two independent incthodECo obtain cross-chedcs 
and better confi detKe for the validity oC our predlcttons. The Rest 
approach was to <^ablt3h a sinnulaUon pJatforra similar to that 
used by UCIA in which results of th ree-d Imensioni I neutron trans- 
ponfrom wUhin the testcrfl we re derived using the LTSDOE'a code 
system MCKPS (ktCNP. 200J) at the l»catii>ii of the IS deCeetor. 
This down scatceied neutnori flux profile was next combined with 
Che USOOE's ScfntifbtDr ni/JCSC1NFUL> response Moote-Carlobased 
code system (Dickens. 19S8X SaNFULwas developed tpecilicalty 
for predicting the respooise funoian of neutron intetactioos with 
NE-213 detectors. The second approach vire developed Vfu to aa 
as a ctms-diedc to the MCMPS-SaNFUI. predltsloos. It involves 
dliccdy cenblBins the neutron oniula n spectri emanating iinam 
the experimentaJ system Cas derived frein MCNP5 sbnuUtlona) 
with the published (I.e.. directly measured) neutrDO energy-related 
pulse-hejghc (pectsa for an aceualScm k S em sized ME-213 detec- 
tor (viz. of the tame alee ajid type as used by Talvarktian et 
aL. 2002 . 2004. 2006aJb: Xu el aL. 200S: also by Forringer M 
aL. 200SaM Predictions from both approaches could then be 
compared with the various published bubble Tusion a 
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rhe SCIIVHJLcode requires Che user la pncvlde to ii thelncomina 
neutron eoeisy spectrum (e.g., from » known source of neurn>as of 
various energies). A known source could be from a National Insti- 
tute orStandardi and l^ctmolosy CNISTVcertUled isotope source or 
ftom an accelerator-based system. Abernatxly. it could be the pre- 
diction from a weD-characterized nuclear particle tr»nspoa code 
such as MCNPS.SCiNFUL utilizes Monte-C«Ho techniques and ius 
Itself bean extensively benclitnarlced t>y- me developers against 
a variety of experlmenul databases for Its sbllliy co predta the 
overall respotue oraNE-213 IS detector system to incoming neu- 
traiu over the enensy nngt O.S-80MeV. A known stuntcomin^ 
is associated vnth tbe PRE where detector resolution issues can 
lead to smearing-relaced eztenshm of counts to Msfher channels 



In an actual detector system but this is not possible to RMdel 
theonettcaOy since )t involves IncriCACies of individital detexzor 
eonctruction »nd multidJmensiona] issues. In order to (sin mn- 
fid«nce in the predictian metlKidakigy employed (or tbli study 
It was decided to ourschrex calibrate the SCINFUL code predic- 
tions for nur tabo raCoiVs S cm x 5 cn> NE-2 13 LS detectcu uiina the 
elecinoolc component train and seldngs (or the pubSshed bub- 
ble fusion experSznemal sgjectta. Tbe comparisons were made for 
three diHenent neutron saurces. The first two were MIS7-certified 
tsoropc-bated neucron-samma sources: (1) 1 G, l»u-Bc sou/ce 
eir>ittins~2 x lO^n/s; C2)~ai mCl.^'Cfscruree Bfnlt£lns~lQ=n/s. 
The second type of neutrvn source produced 14.1 MeV monoen- 
ersetJc neutrons fram an acceleiator device coinrnsnly csllul a 
PMC and is based an D-T Interaciloas^ TheemlssioaraBe was about 
3 X n/s. The NE-213 LS d eCectnr was placed — 3« cm from each 
of these sources and tbe spectra wcw obtained with and vnthoul 




It«. I. ExperlDcnialfMnwirl««er(a>'nd««klHnet Jt r»oei.b)Cb>FDn1iisS'Sial.(3QDGa«)(c)iaier«L(2l)aS}iod(d}TtUsMAian>L{20ai. 30041. 
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discriminatianCPSD). PSD permits reJectlonorEamiiu 
n counCt from those caused from neutron 
the PSD setUngi used for the published studies 
al., 3002. 3004. 30C«a.b: Xu ct al.. 2005: Forrin^r 
;t aU ZOO&a.b) it Is esUtuated Oiac loughly 95X of gamma pho- 
lOTis are rejected. Fig, 2a showa the relative spectral eiriiasions far 
MCb ottbae three emission types. Reiulu of the mcasunments 
for each ofthejc three jources with and without PSD are Shown In 
Fig. 2b.As noted Troro Fig. 2b. the rianoeneisetlc 14.1 MeV neutron 
spectrum displays a sharp i«ductIon In counts ac the 14.) WeV PRE 
region (chjinnel -17S) but counts still penUt and leak Into hlgticr 

. perlectdeisca>riiesolution.5iaceal4LlMaVD>T 

X generate g*jnm» pbataiu. the wast majortiy or 
CiareneutTon driven. ForaPU-Besouice. as noted ftoni Fie. 2a, 



Jirgc raiigE^O.lMcV lOMeV; the iverage energy u in cfae4MeV 

nnge with a tail towards 1 1 MeV at which the Intnutcy d rops cto« 
\o lero. Irnportartiy, a Pu-Be source also emits a smang 44 MaV 
gararna photon CXnalls. 1999), iDi|gtil/at the same raieasfor iKU- 
tioa cinl£s ion: however, unlike che oeutrans ivhjch are spread out 
ia encfsy. tt>e ^amma photon Is moaoeoergctic due tx> which, per 
expectatldiu. we note in Fi^ 2b « ao<l ceabic jump i □ t Jit combined 
oeutrDn-gamina (Le, without PSO) ipeocrum around channel 90. 
As Is diso seen rram Pig. 2a. tar Che ^'^Crisotcpe-based source, ttie 
cmnrens arc einitted from ipontanceus fission with a peak Eneen- 
sicyat^.8MeV. wltJian averafe speccmra eneinr or->l.gSMeV, 
and with a Long tail cdotending th<ough~l2 MeV where titc Inten- 
sity drops close Ok zero. ^^Cf also emlB about chree dmes mare - 



PA6E2H3S<RCVDA-| 



IS 12:18:3* AM peuaem aayOStit Time) • SVR:USPT»€FXiiP-5ir • I 



II 00 • DURATION |inin«a):10.10 



PAGE 56/77 ' RCVD AT 2«7/2009 1 1 :27:47 PM [Eastern Standard Time] • SVR:USPTO-EFXRF.6/46 • DNIS:2738300 > CSID:301 320 88 00 " DURATION (mm-ss):18-28 



Feb 27 2009 23:38 



301 320 88 00 



p,57 



Sep 25 ZD08 23:33 



301 320 88 OO 



Author's pt^rsonal cop-y 




gatnna photons (Knol is, 1999} For each neutron emission andwc 
see ttds In tbe meuuned spectrum cf Fig. Zb. 

The 14.1 McV neutron energy and published iMutron cpectra for 
che^'^Cfind Pu-Bssaurces were entered » Input rorSQNFUI. code 
predictions of ntpoiue for a 5 on k S cm NE-313 detectar.This is 
similar to whu one would ardertake to do if one were Go rely on 
simulations (e.g(i, flnm MCNPS predictions of downsnttercd neu- 
tr»n spectral R<sulcs ofSaivlFUL code predictions fbt each «rthe 
three neutiTiii sources are stiowo iDRg.3c ajongsidethe neasared 
LSdeleetorspactn with PSD. As liotcd therein, the SCIMFULcode 
predictions capture the overall neutmn apecCnl shapes for all three 
sources with exceDent cotrelation over th« eniln enetgy nnoe of 
-^MeV al the lower-4evelcutofr. to— 14MeV. for the manocner- 
getlc14.l MeV neutron spectrum. The co«mcient (br deeennliudDn 
(so-called - SS^tSS^; where S5^ is tlie regression nirn of 

squares, and SSn is the total sum of squares proportional tn the 
sample variance) ran jed fTOtn~91 X to -^fiX. Around the PR£ clian- 
n«l ( -1 75)SCUtfmL predicts a sharp (almost vertical) rise (n counts 
indicating the response to ■ head-on eoiaston of Oie 14.1 MeV neu- 
tron withpnoGons in the LSdetectorliiiukl Tie measured spectmin 
also shows a tlgnlRctni rise In counts but the shape of Ui!s mea- 
sured spectrum is gomcwhai snteired «s orpocted Itar practical 



(I.e., slanted at --45' wlthcouDCslcaklnslhrouEEbto chan- 
nel25DJ.Such an. cfTect is well- known (Dickens. IMS; Knolls, 1989 : 
Lee and Le«. 1998). This calibratton-cum-bwichmarkira provides 
£Oad confidence in the ability to predict the spectral response of 
a Son X Sera NE-213 LS detector using a combinatioD of an arbi- 
trary Input spectrum of neirtnonenergiesiageJherwitb the SCINFUL 

Ac the lower ead of the abscissa corresponding to low-aogle 
ecatterins of neutrons with pratonsand caibon atoms, a discrep- 
ancy between prediction and cnea*ui«ments m»y tM «xp««ted as 
Sliown in Fts- 3d for ootniurisons a^inst the measured Pit~Be neu- 
trar source spectrum or Hg. 2a. Alsa presented In Fig. 2d is the 
published prediction for a Pu-Se source using anochei Monte-Carlo 
based code^, vIl, CEAr>rr (AgastlrteiU et al,20a3: hiaianjo. ZOOS). 
SaNFULartdCEANTboth tend toBamewitatundcrpredictthemea- 
irured spectrum with the uiKirr predicdofi beins greater for die 
CEAKT code simulation as has also been reported elsewhere in the 
Uteralure for CEAhrr (Patronis ei al. 20071. Honevcr. except for 
some und»r prediction at lower dianneis. Tor onost of the eneigy 
scale tbiDuxh the PRC channds and bqrond. both SCINFUL and 
CEATTT appear to be well-suited fbr predletios the measured neu- 
tron response spectruin for the N£-213 LS dctectiK. 
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It Is also v^elt-knovvn and documrDted for the SCINRJL code 
(DicUeos. 19 a») that detector resolution vfjll very from detecaw to 
de:ecter dependins on numerous factors such as light collection 
crfidency at liquld-prj3Comuldpller Inrerbce. agje of the detec- 
tor, etc Models of detector response for neutron-induced proton 
reeons therefore, uiually modej the detector as being one of per- 
fect resolution— which iften leidj to a sharp Increase at the PRE and 
no counts beyond ibrF^ (whereas, in acrjalily a sloping shouTder 
will be present and courts will occur in channels far beyond the 
PRE dtADMl numberj The capturing of such an effect Is at tlines 
a tts.-npted by Monte-Carlo codes byartiRdaJly Including a so-caUed 
rea^ution fiinctiori (see for exaonple. Dickeiu. 1988) for a given 
ptactlca! detector to force-fit the code pi*iliaior» at the PEE loca- 
tion CO the actual data pn>flle against which (t is to be compared in 
the firsT Instance. Nevertheless, even without ene^ging in such arti- 
facts, as alsodemonstraicdwitbour own ciUbratlon in this section, 
the combined Ma>JP5-SONFUI code syitem offers an excellent 
cool far pred}cclruE»nd JCUtfyingthe essential chaiactertstlcs of the 
expected pubc-hei^t spectrum for our experiments for the bulk 
of the pufae-helght spectrum (l-t, for channels below the PRE}. 

», ModclliiKapproachesrorcDniparliispredictioiiswilh 
measured spectra finni aooimiclnertiat conancmeat 
(bubUeJhialm 



ThecalibraCed SCINrU L code approach 'wrhich was justillscussed 
Tvas next used to predict the 15 deteccor neutron pulse-height 
spectnim for comparison against the published spectra. How- 
ever, instead of wing the wcll-estabUsSed (i.e:, known) aeution 
energy and spectrum of neutrons from an Isolopic or PMC source, 
the neutron energy spectrum has now to be calculated. A D-D 
chermoavKlearhisloo evencprodtjcesa Z.45Mev neutron. Iti atyp- 
ical bubble fusion experiment, this 3/45 MeV iseuCrDn Is produced 
wlihina deute rated liquid contained in a test cell of approximately 
3 cm in radius. Befon reach in; the LS detector this fusion neurran 
wMiId necessarily becsRie dovm scattered in et»r0 as it inter- 
acts with intervenir^ aconu of the test Uqiild, the container wall 
and shielding materlali. It is this dovk^nscaitened n<»)Oon energy 
spectrum which tjeconies the source input Cor SCINFUL prediolons 
of the LS detector pulse-haight respiwse. which thenea/tef, can be 
directly compared a^Lnst published expcrimentaldata tonote how 
wellthe published specsraaamparemiththc predicted values. Good 
agreemeot provides validation for the neutron source as being that 
from a D-0 lbs ion event, in moch the same naanner as the good 
!J ■ • - 

s, tcspectWtfy. 

3.J. MCHPSSCmFULitspoasesimutatian 

Therefore, as a flret step, the tiansport cbarscteristics of a 
2.4SM«V neurroci thrmigh —3 cm of test cell liquid, follorwed by 
the enclosure wall, were computed using the weU-knovyn MCtiPS 
nuclear transport code {MCNP,2003]developed by the los AJaioos 
National Laboratoiy (LANL). A tbrcc-dimcnslonal (3D) model for 
eachortherxpervmenUtseometrie3showDlnFlg.1 was developed. 
The prediolioB of the emanated specmim was used as input for 
SCIMTJLpredictJDM as done before in Section 2. This eaJculatlonal 
inndel is referred to as MCNF5-SCENFUI. 

JJ. MCr4PS-KE-213 lesponse stmuIatlan—CBi alcrmate 
Indeptadent appnmeti (MCNPS neutroit spectrum combined 
J>(ece-i*be wttb msamTtd NE-212 defertor Tapoast/orvajioui 
ffraimnmerstnj 



1998) *rnt _ _ 

ctnsenCD Jx inM-way of me sBould* r roTHch ciirtc (e.jt,lbr 2.S HcV. n»:riicutfx 
oncpat chaavl wa* decuoi to b« -«oo}. Note also mat. dac w Impsfeei Mccn 



predCctioiB of the MCMPS-SCINFUt. code pred ictions discussed ear 
Ijer.rhls was considered useful for two reasons. First to crT>ss-che<Ji 
and evaluate that SaNFUL code predictions against experlmeiuaJ 
dau were in line with expcctatloos IbrthespectTura slLape below 
tbe 2.45 MeV PBE The secxnid reason was to help assess how many 
and how Ear above the 2^S M«V PRE ooe should expect counts due 
to imperfect detettor resnrutian. a we:i-known effect [e.g., Dickens, 
1988; Lee and Lee. 1938] and also hlghlighteij In esUbUabed text- 
bools OD Che subjectCt<nalIs, ld99>. Fortunately, laa relevant study 
<Lee and Lee. 199») the authors usedaScmxScm NE-313 detec- 
tor iitentical in size to the or\e used in tbeTa!eyarkluncta].C2D02, 
20O4, 2006a,b), Forrlnger e t al (20O6a,bX and XU et aL (2O05)stud- 
ies. The Lee and Lee study has pubGshed indiviitaai pulse-height 
spectra at six neutron energies nnginx fronvOLSMcV to 2JMeV. 
Their results ofthe measured spectra are rep Jotted la Fig. 3. whece 
Che le«end for each neutron enessy inchrdes tbe niC channel num- 
berlbreacb ofthe six neutron enefgles. As also noted from a tandard 
Eextboa3rs :Kno]|s. 1999) wa ivadily note that sisniRont counts 
can beexpected In etaanisel number* far above the PRE channel tor 
NE -313 type LS deiactarb Tlie avaBablUcyof the dx proQtes at var- 
ious neutron energlec permits one cocoinbineMCNPSFredictkins 
for iricoming neutnHis al various energies with these six ptoflles. 
Thereby acting as a cross-chedc for the AK7fflS-^OJV/UL rr>od«L That 
is, instead or rclyingaolely en SCINFUL, we can now also icjyon the 
published experimeneal response curves at discrete neutron ener- 
gies of Fig. 3 for an actual detector of the type and asc used In 
the bubble fusion cxperimen [5 of Taleyarldia.i et aL (3002, 2004, 
2oa6a.bXXu ctaL {20OS >.a.nd Sorringeret al. C20D6a.b)L This model 
is herein, jefentd toas the MCNPS-NE-213 modeL 

However, since MCNP5 predictions for down scaccened fMtirrons 
are over a conHnuous energy range, the MCNP5-NE-213 model 
re<tuJre* binning- For this reason, the MCNPS neutron spectnim 
varUQon wUb energy U broloen down inm six cner^ groups con- 
sistencwiththssix neutron en ergiesofFi^ 3 to pravMr the relative 
pnopaitSonof neutrons in eacb bin. Thereafter, tbe digitized values 
of pulse-height spectra of Fig. 3 at each of sbi energy levels are 
multipIiBd fay the relative fractional ncooon eouneKfnni MCMPS 
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atJNiicltBrCKglnctrintmilOtJtgn23a(200»}: 



Elutibl* fusion experlnienta] data 

Comparison of predictions (s shovm separately for Uic lelf- 
niKlcatioa experiments and (hen for the extemal neutron-based 
bubble fbijon experiments. The more recent self.nucleation exper- 
inenlsan addreraed fli^t 

4J. Comptrtion wlt*i self-nucleatei butbte fiislon atpetimental 

In seir'nucteated bubble fusion experiments irfTateyarichan et 
al.{200Sa,b)*nd RDrrlager el »l (2006a.b) and Bugs t2006). the 
nacleation of bubbles was achieved using dissolved uranyl nitrate 
(a radjoacthre mmpound). The test cell and deuterited oiixtur»- 
cum-uianyl nitrate {UN) contents were rryxleSed using MCNPS to 
represent the pKystcJ systems described in pubUshed dacumerts 
(Talcyaithauetal, 2006a; forrlnBereC aL.2QD6a,bi 2.45MeV neu- 
trons were soufced into the middle ofthe test ceil Huid and the 
transport chiractertitics lltraush the test liquid, glass walls and 
experiroeirt enclosure was assessed using the Mome-Carlo method. 
The actual experimental geometiy also Included a lajer (-S cm 
met) of paraffin Wocks on Qirt* sides, and for or* side of the 
enclosure for Che experimental configuratioru ofTileyarfehan et al. 
C20DSa) and of Porringer etaL (200fiaJjX rejpeciively. The paraffin 
biDcfcs scivEd as biol&gical shielding material for experisnentecs. 
Kg. 4 displays representative results for ifte- dowo-scattered heu- 
tnsnenersr speaivtn iri lema of Craction orthe total at the NE-213 
IS ilKcaor face with and without the presence of the 3cm thick 
Ice-pack material.lt is leadily seen that the oiialnal 2.45MeV neu- 
tron experiences significant down s^atterin^ resulting in. a range 
Of neutron etirrgies down to ttxermal eoeigy levels. The octeat of 
aawn sa tiering ij enhanced significantly with the addltlonof 3 on 
ofwaier (lee-pack) sJneldlng. The displayed rcsiJti tuve Included 
all neutrons froia 0 McV to O.l MeV in a single energy bin, whidi 
accoanix forthe slgnil^Cdntty ljuger counts Ear the flta energy bin- 
Hie reiu ttins neutron coergy spectnun was then used in con- 
junction with the SCINPUL code for modeling the response of 





NB-2I3 IS detecton to obtain the emanating light puise-heljlK 
response fpectnitn. In so doiog. the MCNPS predicted values for 
emlttod nentran einlstion spect ra «>f the type ahowm i n Fig. 4 tv r n: 
utilized as inputs for tfie SCINFULcode to then derive the aeutroa 
spectral shipesCFig. 5) withard -without ice- ^lishlelding.aearly 
. die spectrum wtth lee-pock thermal shieUing is noticeably diffeJ- 
enl from the spectrum Kwithoutice-paclc shieldingand uratcfscores 
the Importance ofaccurately i nctuding intecveningsKiieldlng mate- 
rlais, With the ice-pack material! Included one notices a Uigsly 
hypertiolie-llke proflle CreminisoBBt of the spectrum from a Cf-2S2 
isotoplc neuii^n soutcej: wlthoutlce-padCihleldlng.dhespcttiuni 
shape exhibits an antCdpated hump starting from the PRE channel 

Where-as, the apectnun with ice-packs appears qualliaavely 
similar to that meowed by Taleyarkban et al. (as published in 
Rg. 4 of TaleyaiUian et al, 2a06ajb), the calciilaied Hght output 
pulsc'licigjit speccnnn without Ice-padc shielding appnadmates 
Che general characteristla of the spectrum measured by Forringer 
et al. (200fia,bJL and by TaieyatUun et al. (2004) and alio to the 
spectivm calculated at UCLA (^aIa^Io, 2006] when the Ice-pack 
therma) shield material was not included in the camputaiienal 
model. A more «otnppehens4ve eomparUcn ofdataand piedicdons 
bprovideil below. 

Ncsrt. theMCNI>5-NE-213 model was used in which the MCNPS 
rwult* eng. 4J were binned and combined with tte NE-^IJ 13 
detector response curves to arrive at the net response specua of 
an 1.5 detectorfor D-D fusion events within the test celL As dor\e 
tor the MCWP5-SCINFUL model, results were obtained forthe two 
cases v»ith and without ice-padc shielding. 

Results from the two approaches can nc»w» tic compared against 
the Taleyarlihan et al. {Z006a,b) measured neutron spectnun and 
the uarious results are shown in Rg. E for the esperimciual case 
(Le.. with ics-pacfe shielding). The enrrespondtng results wfchout 
ice-pack shielding axe compared with the experimenlal measure- 
ments of Forringer et al. C1006a.b} as shown in Fig. 7.Tlie mmted 
UCLA predictions using CBANT (Namnjo. 2006) which weie con- 
ducted without inclusion of intervenins ice-pack chleUing are 
aba included in Fig. 7. VWe can now make Che foUowing ofaserva- 

(i ) Ret Rg. 6: When ice-pa cli shielding i s taken into account. Ihe 
IMCNPS^artFULas well as the MCNPS -NE-213 predlaions tor 
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Che meaaured neutron speorum are coasbtenr with and Com- 
paq veiy iwcllwttb the measured ami repattBd bubUe Aislon 
nfutitm ipectnim [Talwrthan etaL, 2006*))% R>rihis com- 
pariion. theTaloyarkbJnet aL meaisutied cesulu at Channel 50 
we I* scaled ta equal the prediosd Vilue of counts from the 
MCNP5 bawd predictions (at the same ctiannelj. after which 
the same acale factor vvas used for all atljer Channels, 
tii) ReLFtg. 6: B»Jh MCNP5-SnNFUL and MCNPS-NE-213 prcdic- 
tiora are conilstetU -with each oOter below the 2.45 M*V PRE. 
Above the 2.45 MeV PRE, theMa«fP5-SCINFULniode] predkcs 
no counts as would be ecpected. Kowever. the MCNP5-NE- 
213 model's detector dau-weigtited predictions extend ~50 



e 2A5MbV pre. This b 



chaiacletistics. should be expected to allow Mnaoa counts to 
be collected abova the PRE channel. It also pimldcs an impor- 
tant and indepepdeiw conoboraUoo lot. and a valid reason for 
the nccesi OBunU measuied (above the PRE) id the neutron 
spectnim during bubble fusion experiments (nlnarthan et 
aL.200Bftl>]. 

(iii] Bel Fi£. 7: The (MCNF5-ME-213 apppoACh which is based on 
actual measuremcms afTers results which are consistent 'with 
(he MCNPS-SaNFUL and the public-source CEAOT cade pre- 
diedans arUCtA. All three approaches ajc reasonably dose ts 
each other and conilrtent la terms overall shape and quatt- 
llty of oaunts to be eKpeeted bel«tw the 3.4S MeV PHE. 



/Mtielear£nsimrlnt onif Dtidn 238 (300S} 2?7*-J»7 



Civ) Ref. Fig. 7: The published bubble Rision neutron spectrum of 
Forrinser ct aL (2006a,»>) which wcreobtalneS without iatcr- 
veninj ioe-pack shielding Isoaniictentwitti and co n^ares weU 
with all three piedictlon schemes. The bubble fusion spectrum 
of Tateyarklun et aL (2aoeiJ>).and Porringer « aJ. C»06a.b) 
measurements both show counts above the 2.45 MeV ?R£ and 
this b also canfinncdand poredJcted by using the MCWP5-NE- 



We nesct turn attcntinn tr> the eariier bubble fusion experiments 
of Xu et al. (2005) and TUeyartehafi et al (3002, 2004). Both of 
these experimental studies were conductied using pure deuterated 
acetone as the test licmid. A key dlfrenence was that the Xu et 
al. experiraeiua were seeded with pandomly eimtced ncutrans of 
variousenersies fnomajiisotoplcneotronsoutce.whereasi. theTale- 
yarXhaoet al. studfes were conducted usiftsMMeVmoDoenergetic 
^" — -""•-renoe invtdved 



neutrans fnom a; 



thepresenceof— 3~4 cm of ice buildup at thefteezerwallsbecw«n 
the test cell and the LS delectsr tor the Xu et al (aDOS}studies. as 
shown scheraatlcaJly In Fig- ic; whereas, there was no such ioter- 
«tun«iceft>rthe8eon*etty(Ha. ld)for thcTSiI«sfarkhanetal,(2002, 
2004) studies: 



lutronnucleaeeabutile 



4.2. 1, Cojnporisan againsrOtf exitmal tu 
fusion experiments oJXuetal. {2005} 

MCHP5 modeling and analjis wa» conducted Ibr the general 
geometr>- of th e Xu et aL (2O0S) stud ies. Results of the downscat- 
tered 2.4S MeV neuuros for various amounts of Ico-buHdup are 
shown in Fig. 8a. Fl^. Sb presents the variation of rrKtfaital dovm 
icatterina «f 2-AS MeV neutpo Its emitted fitomtfie test cell vritb ice 
thickness, and one notices the eapected exponent! at-iike trend. In 
Fig. Ba and b we note *at due to rhe exponential downscaner- 
it\S beliavlrr of neutron transport, errors lo the actual ice buildup 
around the oofnina! 3 cm C— 1 In.) value on be expected to remain 
small. As such, MCNPS-SCINFUL and MCNP5-NE.213 model simii- 
lationi Ibr the LS Detector response were conducted assuming Hie 
ice-buildup thlckneei ol"3 cm. 

Results « f neutron pulse-height ipectra are shown alongside the 
measured (published) data ofXu Et al. C2Q05: ia ns- 9. tc te dearly 
.... ^ 




siiteUlIncijuiscakdfiEMncBevpmUfSians Aan< 



Cbmparison againsmxtan al nrufrvn nircfwled tniMta 
Jhiim experiments ofTbleyarkhan et oL (2003, 3004} 

A scoping attempt was also inade to compare predictions ot 
the modeltag approacil agaitut the data obtained with 1^1 MeV 
externally nucleated iMjbble fusion experiments of l^leyarktiaa et 
aL {2002, 20O4). Flor the seometry of this escpettnnnt shown in 
Ra. Id, there was no intaivening ice-paeldng mato-lal between the 
test cell and the L5 detector. Due to this aspect one would ecpect 
a sharp bump of counts around the 2.45 MeV PfLEchacmeL Acom- 
plaxityarisex dueto the useof 14.1 MeV neuinms from The PNC far 
nucleating bubbdcs. The 14.T MeV neutron resulu In a signifitantly 
Id due ta which, excess counts due to 2.45 MeV 
neuoTMu emanating from liie test cell, and whid) are above the 
3/45MeV PHEdiannel cannot be scatisticalty distrlmiiiatcd Com 
Che lazse 14.1 MeV related bacleground counu. Mevertheless, to 
decipher am-ordereiflBcts. MCNP5 was used to model the test cell 
and detector atone sorraunded 1^ the Ice-pack waits as shown In 
F?g. One to thU aspect, somadls cnepancies may be eatpectKl far 
the pnaie Of the downsc&ttered neutron enejgJw reaching the LS 



high 
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Chaniwl 

eif. s. JMlcusnt «rMCnps-saNML ua txnnst'HJ (im/lee> imd a 



dcttcBor at «he lovwerchanoeJ*. Neve rtheless. we were mai nly Inter- 
eatd xa note ifthe principal trendi ftoro tha MCNPS-SCrNFUL and 
MCNP5-NE-213 model pxedlniDns are In genenl agreemeoc wUh 
tht published data of Taleyartcbao ec al. (2004). Fig. 10 shows U>e 
MCNPS mulu of dowiucaveml neutrons at The LS deteccar vol- 
ume for Oie geofnctry ofFig. Id. Fig. 11 shows the MCroPS-SCINFUl, 
and UCNPS-NE-2U moticl predictians versus the ineannsmenu. 
The compaitsons Indeed eonflrrn tt\»t che overaU trend Is well- 
predictad. The measured spectrum is consucent with that of a 
2AS MeV neutron endtted from a D-D fusion event froin within 
the testcelL Instaik contrast to (he oomparisorM aaalntt data taken 
with intervening lee-pack ihleUlng IFIg. 9^ when iia-packinK Is 
ataseni, we noce a thaip Inunp <n counts around the 2.45 MeV PKE 
cfunnel in both the MCNP5-SCINFUL model prediccfonsas weD jis 
for the measured ipectnim orTileyarlcban et al. (20O4). 




(PREJfbrbnbMeh 



additional counts above thosa from a ^_ 

tliat are seen above the- z.45McV FRE during our bubble lusioji 
experiments using an ME-213 ^rpe LS detector. Overall, wc bavr 
noted that up to -^SSZ ot total mrrsg octitroa-gated counts are 
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ob:ained bdow the2.4S MeV PRE. W« Lave already covrrcd one 
reuonaafeetngdueto LS drt«torresoluuoii.l>VLOthjr factorsniay 
also pity a rote. The SOurceoradditiooal taunts abov« ttu Z45 MeV 
PRE for the LS detector based lesulcs a re believed to be d uc lo lh« 



Esolution. the 2ASM 



For expeninfinu Involving self-nucleatlon using jjphj-recoils 
imm uranium decay, the fission ofttraniiun tmm D-D rusk» neu- 
trtins may also theoretically lead uj coums above the 2.45MeV PRE 
channel The vwJl-estaWLshed nucleai Industty'J nuclear 
particle craiuport code (developed and nuintalnad at Los AUtros 
NaUonsl Laboratorv OANL)] was ctiltzed to assess the neutmn 
spectrum crahted from ihe t«st cell. Aa nottd in Re 4, a signifi- 
cant fraction of the Z«McV neutrons will be down icattered to 
farwer energfes be63iie eacapinE from surtace. About 5-8S of Cb« 
neuttioru iverecalcidated lo be scattered down in the enerjy range 
of 0-1 eV. Considering the relatively sinall number density of »»U 
iLtoms and a(so "'y floras (for which the last fission threshold 
Is beJow 2.45MeV) a prcllmJnaty estimate reveals » cather amaD 
Traction of the cotal exiess neutron counts above the PRE that 
may ttsull fiom fission. This: phenomenon is not expaecced to be a 
signl fJcant contributor. 



i."*. D-Tfijsion nactUms, oi 



''C-n btfemrtioiu 



5.1. Wnit»d*(»cl»rr«o.'unon 

Sue to finite deteccor 
from being a sharp riSE at the maximum proton r^oil ener.zy of 
2.45 MeV to a smeated shouIderCKnolIj. 1999; Ue and Ijee, 19fl8: 
Dicient. 1888) as already shown In the previous plotsi Figs. 2-?! 
Wc estimate the spread Co l>e Ui the ran ge of up to ~50* light ehan - 
nels ^mt the deslsnaCed PRE, For our published bubble fusion 
rfatadurtng lelf-nudeated acoustic cavitation, much of the esxceis 
COL ^ts above the 2.45 MeV PRE will occurwithin ~S0 channelrof 
ihe PRE chinnel noniber. However, beyond tjie lira channels 
over the PSE, rhe finite resolution feature in itself cannot answer 
why sMresj counts appear fai higher chanoets and as sud>. other 



5-2. Itrvtrfttt PSD~rdated y Uakage tntathtatu rrcn window 

In our 1 ;200S PRL manuscript CTaleyarVhan ct al.. 2O06ai>^ we 
ha ve po inted out that the PSD systenn settings were --93X efllcient 
In terms ofgatuis oat gamma photons. This Implies chat about 7X 
of g&iTuna photons produced during bubUc fusloii will neceSHr- 
Oy leak into the iteutroa window. For thexeometiy of the setup 
(Fig. 1 of Talcyarlchan et aL. 2a06a.bX the test cell was enclosed 
within lee-patk filled enclosure and in addition, there was sisniC- 
Icanl paraffin blologleal sbleldbiB blocks in the vicuii^. Neutrons 
piodoced ftom fusion would flrstdawnscatter. then imeractwithCl 
alBiTU in the test liquid n> produce ~I.O MeV to — J.5 MeV photons 
but uliUttAteiy. with the abundance of hydroscnatomsarouod, neu- 
tron captuiE can also result in 2.2MeV ganuna photons. The iigtit 
pulse-heighcftom 2.2 tvleV gamma phDlonscn compasses the ertlie 
channel range of the multi-chajincl analyser (MCA> Therefore, 
gajnna photons couJd be readUly couiUcd stwve the 2.<SMcV PRE. 
As an estinmtc, using a Nal detector we had reported (TaJeyarkhan 
et a].. 20CKa| an excess gamma photon ooujit rate of ~0.55 y/s. A 
typical experiment lastingaboutSODa vrauid collect '^170 gamnui 
Pboiont. of which about IDX (~t7) would ba able to leak into the 
neutron window, rtom a ^icat eiccess neutron count populatioa 
of about 1000 this amounts to aboiu ISX of the total popuia- 



■r,!^ deuterated test liquid iadudesa sraall quantity of tritium. 
T C^H) stonu and also a small fraction of the carbon, C atoms will 
be 'C for which possibilities exist to ptoduce nuclear fus ian aigna- 
tures. Howeven these contributions are assessed as belnt negiigibly 
smalt Only the D-T reactioa may produce MlWeV neutrons and 
as sucn. only a rare, occasional Count may appear in the highe; 
channels. The D-T react Eons may occuras a result ofT atoms being 
produced durins D-D fusion as also from the trace {orders of niag- 
njtMde lower than that for D atoms) concenerationsorT atoms in 
the procurrai deuteiated liquid Itself. 

S.S. hfeutrvn pQeup 



li confinemeni Cbut>- 



A characteristic feature- of acDu 

ble} fusion i J thatthe neutron emission Is not conbnuoui ortandom 
but ImplostoivlMied. and therefore, will be time-stnictured Unta 
recently, this aspect was not revealed as a posstbiii^ for cieieis 
neutron counts observed above the 2/45 MeV PRE. Kdwever, upon 
reconsideration and based on caieiui study of Our recent OiBory 
paper published In the JoumaJ Pfjystes of Fluids (NlgmahUin el 
al.. 2005) new insights have been deitved that appear to dictate 
that neutron plleup effects in LS detectois of the type used in the 
reported studies of Taleyarbhan e« al. t2002, 2004. 30O«a bXXu et 
aL (2003) and Forrlnger et aL t2006aj>) may indeed pUy a role in 
bubble fusion experiments. Tb further ascertain such aa effect. »ve 
haveconducteda series ofexparlroents andanalyaea loquantUy the 
relative contributionof neutron pileup ([«., moictiian oneneurrcm 
arrlvit^ at the detector within the detector's nesolvli>etJmc)durirw 
bubtde iiislan experimentation. 

iJ.7. experiments and ajuilysetjbr ntutrm pUeup effict during 
bubbkfiisian txperimena 

The theory of supei^compression (Nigmatulin et aL. 2005X as 
applied to our bubble Aulon etperimentarion has r«vealed itiat 
the liubble Imploskin process leading to D-D histon for a single 
bubble in a rapidly Imp! odins cluster occurs wkhln Ihe time span 
of ~o.l ps and it will emit about 12 neutrons per bubble Implo- 
sion. The estimated bubble duster ooniisting or~|000 bubbles 
is calculated to Involve about 40 to SO bubbles wiihlo the Inte- 
rior of the duster wher« the amplification in imptojion intensity 
pnoduees thermonuclear fission csindltlons. There Is some uncer- 
Uinty involved In terms of csamaling the time scale o\'er wrhirh 
the40-SD bubbles loiptode but conseivatively, wc cstfanate that 
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they follecavely Will ImoIotJ a over lOOps emitting a total ofafaoui 
a00-40Oneuttoiw. Thii jivej us an otimatc of the instantaneaiu 
nceofneutrcn emission oF up to ~4 x lO" n/s. Tliis Is a very high 
nte inc3«d aiul must be accounted for in terms of the possibility 
and cpjiMqueaicc ofmote than one neutron arriyin; at Che L5 detec- 
tor within the resahnng (jhaping J dme of about ~100 ns {which u 
considecafaly longer than the much sborter etnlsslon period, which 
IJes In the ps nnge>. 

The aaaesatnent of possible neutroik plleup effeas oo €>ur LS 
detector was conducted both wUiya pulsed neutfoo sducee and 
abo via theotittcal scopinsenalyses. 

5.5.1J. Exptrimenn with a pulse neutnm gtnemtor (PNCX We 
employed a D-T MCeleraCor driven PNC CModel NN-5S0 fram Acti- 
vation Technologies. Inc.) for asje«itiy whether neutmn piteup 
eireciteoald materialize in our IS detector forneutron puise rates 
in the vicinity of expected bubble fusion neutron pulse nutt. The 
P NG lystetii enabled itabi e opeiatla n down toZCO Hz during wfaich 
nnitron pulses are emitted over a ci m e span iir-5-6j*s (FWHM). 
Tlx LS detector viu placed \«/Hh its Cice about lOon awa/ from 
the PNC tai^l. The LS detector response to ^Co «nd "^Cs seimes 
Vku obtained. It was found (Bg. 12} that th« ™Ca UMeV and 
13 MeV ganur.a QmiptDii edge Is at channel ~1S. Firoin published 
IlKht curvea (Harvey and Hill. 1979) it would then Imply thai the 
1*1 MeV «E would appear around channel 105. With this cali- 
bration, the PSD speetfijjjj was obtained and shown In Fig. 13. As 
pnviuiuly ootEd, unlike thai for an isotope^bafed neutron souree 
the D-T fusion based neutmn source rem let In a unuch larger frac- 
tion of nmcrons compared to gamma photons D-T fusion does 
not produce Sdmroa photons. C^nuna phtotons are an Indirect 
eonseque (toe of fusion nsutron interactions vfith etemcnts of sur- 
teundlng structures. Safcd on calibrations witha 1 Ci Pu-Besoiute 
It <ma etdnuted that the PNC operating with a target voltage of 
-SOkV and OJfkHz would emit -S j. lO' n/s. dose to the maai- 
nnum emission level allowed in our labontoiy.SincetliEse neutrons 
are emitted In pulses C~10 fti wide at the base and ~5 ns FWHM) 
tlie Instantaneous einJs^loa laie Is much larger at -5-10 jt 10" n/s 
(-5 X 10»/S K 10-«/3aO}.Tbls formed a baselJn« bresUnuiting thc- 
instancaneous pulse nrutnon outputs at othertaiKctvalcages. 

Next, nMtnn-gated pulse-height spectra were obtained at var- 
ious target voltages ranging finom -ZOKV to -SOkV. Results of 
pube-helght ipcnia are shown In Fig. 14 along with the total 
neutron coaots vemu drive volUge in Fig; 15. As expected, rhe 
TV.1 MeV PRE fa seen Co occur around channel #105. The rate of 



neutron count* increase Is more npld at imiller target voltages and 
decreases as the tarset voltage Increases. This is In Une with well- 
Imown icr»>I>-T reaction cnBS-secttDOKCCn)ss.:9»43, Hs-l'lcleariy 
shows thAt, wtiile insignificant excess couau are measured over 
the 14.1 MeV PREat target voltages ofless than -40 kV. the neuOD.T 
pifeup effect becomes noiiceabty larger lor target voltage of— 4C kV 
and above. The variation of the counu above the 14,1 MeV PRE with 
target voltage, expressed as a peroentage it shown In Rg. IS. We 
see from FJgs. 14 and 15 a rapid increase of neutron plleup Induced 
counts above thePREasthe target voltage Is increased. 

The daw Shown In Ftg. 14 were obtained with a source-»- 
decectordlianceof lOcnn compared wlth30c(nin the pubtlshcd 
sonoftisioa expenmenu This would imply a &<tor of ~10 
H30/I0)>jdiflerence based on Hriid angle cITecta. and to get about 
3X of total counts above th« Plt£ would require a rate of about 
10" n/K, Thte level of output at a distance of about 30cm b com- 
parable to (even thauah smaller than) the estimated ~10"n/j 
oeutran cmlsxlon rates roi bubble (Vision, thereby, fbrmlng a rcinon- 
abls basis to expect that bubble fiisio n experiments with detection 
eiulpmentortfae type and configuracloiu used Vf ill indeed lead to 
ncutran-p ileup Del a ted eHects gi ving rise to exce ss CO u n ts abow e the 
Plt£. The anu>unt of excess n>ayamountto-~5Xof*e total neutron 
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SS.L2. Anafytic estimation oJmagnUuaeofnrutmnpUeup. HMneu- 
trons are emitted during bubble duster implosion such that they 
comewllKin the resoWing time oflbedetetlor, then the jHObablt- 
ity of 1 stagla neucron 5tfil<ijia ttie detector li N»f, when /is the 
rranJon of th« iolid angie that the debectar subtends. 

The probabiUty that two neutit>ns strike the same detector 1^ 
N[N-l)f. If tlw detetfoi effioency is b, then the net trobability 
n?qufres that wc muJtiply by s'. The LS dcicctorpro/ecis an area of 
about 25 cm' so that rbe solid angle "/■ at 3D cm from the test ceJl 
becotries 0.O022. Since we luve estimated that up CD 500 neutrons 
arc emiaetl per b ubile cJustEf impltKion. N - 500. Baxe i on known 
scattering cross-sections forCandH aionu.and the composition c>f 
NE-?i3liquid. (br aScrn x 5 cm l^Sdeteo&r.the tncan free path fora 
2.45 MtV neutron is calculattd to be -S3 cnx VWe can ttienassume 
that --60S! of jOI neutrons would receive at least one collisioa 
within the LS liquid, which then would offer a theoretical Intrinsic 
elRciency of at least -SOX. Assuming a typical SOX detector(tntrln- 
efficiency glwes the net probability of the iJetector raceivinjj 
two neutrons slmultatieously • 50O x 499 x ( 0.0022)^ x <t>.5)* -0 J 
or about 30*, 1*13 niethixJolosy aMumed that eadi neutron 
regirilesj Qf encrxy striking the deieaor WiU contribute to the 
"pUcup- effect equallyr. In reality, only neutrons al>cve —UMcV 
would be able to hi\c »n cflecr. From hfCNFS ^esEMnenti the 
fracdon of neutrons above 1 J MeV is ettbnaced to be -40* and 
~-80S With And withtiiit ice-pack thermal shietditig. respectively. 
This rcdualon would bring down the above-estinuird 30£ down 

to~2os[ -aosx (ae)*,wltiiouiice-pici£sjto~5a:i-30» x(o.4>'), 

with tce-pacJtJ |. respectwely. The approach of this section n«esMr- 
ily cncon^ssrs uncertainties, chiefly niated to the value of -tf. 
i>ut on an overall basis, it appears in linevoih and on the order of 
magnitude of neutron plleup as also witnessed froni the experl- 
niefttal oiMervadoni. 

Based on the above.it may be reasooablyexpecred on theoretical 
SiQunds chat neutron pileup could play an Impcctant role Ir terms 
Of pnoviding excess oouots above the 2JMeV PRE and the amount 
to be «xp«cted may be In the experimentally observed ran^ of up 
tD—SX-KB: cfthe total oeucjon counts. 



In summary, a compiehenshre framenvork has been t 
oped to model, ilmulaie and uoderstantl the 2.45 MeV ne 
si^niture fox acoustic Inertlil confinement (bubble) cherrt 



Enftntcriag mil Paw 23} (200BJ 2779-2791 



Clear fusion slanature. Bach. sclT-nucleated and external neutron 
nucleated acoustic (bubble fUsionJ caviutlon experimetiti have 
been modelsd and analyzed for neutron spectral characteristics at 
Che detector locations for all .■:eparate successfiji published buV 
bit fiision studies. Mome-Carlo neutron transport calculations of 
2.45 McV neutrons from imploding butbles were conducted, using 
the vveU-kntwrnMCNPS transport code, for the published original 
experimental studlaj of Talcyarkfian et al.(2004, 2006a,bJ,as also 
the successful conflrmation studies of Xu et aL (2005). Fonlns«r 
ec al. (3t»6a,b) and Bugg (2006> NE-213 IS detector response was 
calculated using Che SOWFULcode. These were cross-chedted using 
a separate .and Independent approach involving weighting and 
convDlutina MCNPS predictions with published expetimentall/ 
measured NE-2l3dctect»rn<uironreq)otise curves for monoenet^ 



respecifiilly. 

The MCNPS -based model was first suOTjsfuJly caKbrsted and 
vaJldattd against experii3>ental data with an NE-3B based LS 
detector for three distinct neutron sources: (aj '"Cf; Cb) Pu-Be- 
(c) 14.1 MeV neutrons liom a PNC accelerator device. Excellent 
agreement was demonstrated versus actml experimental data for 
neutron spectra with PSD. 

The impact of neutron pulse-pilcup during bubble Juslon v^-as 
Verified and estiituted with a pulsed neutron generator based 
cjcpcriinents and theoretical Jnalyses. both of which provided con- 
fidence that an bnplos Ion-based bubble fusion process will likely 
lead to polse-pileup in the LS detector train. Tbii aspect is con- 
sistent with theoretical predictions froni our theory paper on 
super-compresston of deuterhini atom vapor filled Imploding buti- 
bles. Other naajor contributions and reasons for measurement of 
nudear conn ts a bcwe the 2^5 M«V PRE channel were- shown to be 
due to imperfect LS detector resolutton around Che PRE. gamraa 
photon leakage due to Imperfect PSD. The imp act of uranium fission 
and other effexts such as D-T or "C-n icactfons were estimated lo 
be oriow order In inipotnan-e. 

The MCNPS-SdNFUL and MCNP5-NE-213 inodelJ were 
employed to model and predict the neutron s pectra texan LS d cieo 
nsM for all of the published data Involving both setf-nucleation 
experiments (Taleyarkhaa et aJ., 2a0Sa: Foninger el al, JODBa.b) as 
well as eartle« experiments conducted with externa 1 neutro n bised 
rracleatksn experiments CTalejiarkhan et aL, 2002. 20O4; Xu et al.. 
2005 ). A key debermlnanc for Che neutron spectral shape vvasshown 
CO be related to the presence or absence of jr*ervening ice-pack 
Che rmalshieldlngbetweenthetestcdl and ttioLS detector. The self- 
nucleaHon cxperUnencs ofTaleyarkha n et at [2006ai,b) and exCemal 
neutron nucleated experfments of Xu el al (2005) included the 
pfOSenceor-ScmofintBrveningiire-packshleldlngbetweentlieLS 
detector and the test cell. However, the self- nudeated expetlmtnxf 
of Fbrrtnger et al t2008a,bl and the external neuHoa nucleated 
experiinems □fTaleyarkhanetaL(2DG3.2()04>did not Include such 
Intervening ice-pack shieldl.i» All four experimental geomeoles 
were IndhrHually modeled using WCNP5 for iativiT\g the trans- 
port characteristics of the 2.45 MeV fusion neutrons fmrn wichin 
the test cell for eich of the tour experiments. The resulting neu- 
tron spectrum was next used to derive the LS detector spectral 
naponse using the MCMPS-SONFUL and MCNPS-NE.ai3 models, 
respectfully. 

The results or dioUeliaE-cum-expcriracntation were fbimd to 
be conaisteot with publishad experimentally observed ncutmn 
spectra for 2.45 MeV neutron enolMloru during aixiustic cavitallon 
Ibubblejftision experimental aan<!itions with and without icc-pack 
(therrnal) shielding. Calculated neutron spectra with IdcIusIdd of 
ice-pack shielding are consistent with the published sfectia from 
- orTa]tyarkhaneiaJ.t200&aJb)aiKlXuetal.C2005) 



PAGE 14^3 • RCVD AT Snanoos 12:1B;34 AM (EastimOayUBht Timer BVJl.tlSPT«>-Ef XRF-Sf 



■□N18:273S3M>eslO:3as 330 SB 00* D«raATIOn(n 



PAGE 64/77 ' RCVD AT 2/27/2009 11:27:47 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/46 ' DNIS:2738300 ' CSID:301 320 88 00 « DURATION (mm-ss):18-28 



Feb 27 2009 23:40 



301 320 88 00 



p. 65 



The 1 1" International Topical Meeting on Nuclear Reactor Themal-flydimilics (NURETH-1 1) 
Popes' Palace Conference Center, Avignon, France, October 2-6, 200S. 



BUBBLE DYNAMICS AND TRITIUM EMISSION DURING BUBBLE 
FUSION EXPERIMENTS 

Yiban Xu' 

School of Nuclear Engineering, Purdue University, West Lafayette, IN 47907 USA 
vibanfaiecn.Durtlufi.edu 

Adam Butt 

School of Aeronautical and Astronautical Engineering, School of Nuclear Engineering, Purdue 
University, West Lafayette, IN 47907 USA 
T>utt(^purdHg.e^H 

Shripad T. Revankar 

School of Nticlear Engineerii3g, Purdue University, West Lafayette, IN 47907 USA 



ABSTRACT 

Neutron nucleated, transient bubble cluster dynamics has been studied through direct observations of 
shock wave and sonoliuninescence (SL) signals. Confirmatory bubble fusion -related neutron-seeded 
acoustic cavitation experiments were conducted with deuterated acetone (CjDeO) and non-deuteraied 
acetone (CsHsO). Tritium emission monitoring was performed systematically by using a calibiBted 
state-of-the-art Beckman LS6500 beta spectrometer for the samples obtained -from bubble fusion 
experiments of non-deuterated and deuterated acetone with and without cavitation. Statistically 
significant tritium emission was observed during neutron-seeded acoustic cavitation experiments with 
deuterated acetone, but n<?t for control experiments involving aon-deulerated acetone, nor with 
irradiation alone, thereby confiiming reported observations for the occurrence of thermonuclear fusion 
reactions in deuterium-bearing imploding cavitation bubbles. Thermal hydraulic conditions of bubble 
implosions leading to robust SL emission are discussed. 



KEYWORDS 

Bubble fusion, bubble cluster dynamics, tritium cotmting. 



1. IISTRODUCTIOIS 

Thermonuclear fusion reactions in imploding bubbles (so called bubble fusion) were observed and 
reported by Taleyarkhan and his coworkers (Taleyaiidian et al., 2002,2004a; Nigmatulin et al., 2004) 
but so far have not been confirmed by others. Thermonuclear fusion in highly compressed bubbles is 
possible only when appropriate conditions are provided: high enough C~1000 Mbar) pressure and (~ 
lO^K) temperature and the presence of deuterium (D) atoms which need to be forced close enough, 
and need to stay together tcx a sufficient time to permit them to become fused (Gross, 1984). 
Theoretically, these conditions have been predicted to occur (Moss, 1996; Nigmatulin et al., 2004; 
Wu, 1993; Taleyarkhan et al., 2004b) and highly depend on bubble dynamics: how these bubbles 
initiate, grow and implode. Furthermore, recent experiments (Camara et al; 2004) to ascertain 
temperatures below the surface of SL bubbles have revealed clearly that the emission spectra from the 
interior resemble those given out by Bremstrahhiung radiation composed of excited plasmas in the 
lO'K range. Another study to directly and convincingly demonstrate the existence of plasmas in SL 
bubbles has recently been published (Flanigan and Suslick, 2005). Based upon these recent 
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developments, it is now widely accepted that imploding bubbles can indeed produce extreme states of 
compression and temperatures. 

As IS evident, implosions of splierical hubbies produce stronger shock wave compression than 
aspherical ones; the maximum bubble volume Is not only a function of the acoustic pressure 
amplitude, but can also be affected by the timing of the bubble nucleation (Taleyarkhan, 2004b). 
Therefore, a comprehensive understanding of bubble dynamics as well as related control variables will 
be crucial for successful bubble fusion experiments and for future development and optimization of 
bubble fiision technology. 

The process of bubble nucleation, growth and collapse is nonlinear and complicated in general, 
involving thermal, mechanical, optical, chemical or even nuclear scale phenomena. Depending on the 
acoustic driving amplitude, a bubble could grow in volume in several acoustic cycles and collapse 
within one cycle. Huge potential energy accumulated during its growth time can be converted into 
thermal energy to heat up the bubhle's internal contents by shock wave compression. TTie temperature 
inside the bubble could be more than 1 00 million degrees (Nigmatulin et al., 2004) and high enough to 
accelerate chemical reactions and even cause nuclear fusion jeactions. This shock wave continues to 
propagate in the liquid after the bubble collapses and the evidence can be detected on the chamber 
walls by an ordinary microphone. 

The issue of bubble nuclear fusion thermal-hydraulics becomes even more complicated when a 
nucleated single bubble grows from -50 nm by factors of -100.000 to a large (1000 ^m) bubble then 
implodes and bre^ into a cluster of tiny bubbles (Brennan, 1995). These tiny bubbles can stay 
t(^ether as clusters when an acoustic standing wave is applied. From experimental and numerical 
analyses (Taleyarkhan et al., 2004b) bubble cluster fonnation can lead to pressure intensification for 
inner bubbles, causing much higher temperatures and pressures for the bubbles in the center of the 
cluster than for a single individual bubble. This is attributed to acoustic streaming effeas of the shock 
wave produced by the bubbles along the edge of tiie cluster (Matsumoto, 2004). Evidently, the 
assessment of the relative effects of bubble cluster appears crucial for understanding conditions 
relevant for attaining bubble nuclear fiision, and scal&-up of bubble fusion tfynamics. This was 
therefore, attempted for which salient results are presented in this paper. 

An important consideration in such experiments to evaluate the occurrence of nuclear fusion 
involves experimental evidence of key signatures. Notably, for bubble liision experiments 
(Taleyarkhan et al., 2002, 2004a) the bubble collapse time is so short and the final bubble size during 
implosion is so small that any attempts of measuring the variables inside a bubble are extremely 
difficult, if not impossible. Therefore, indirect approaches must be used to identify the possible 
nuclear fusion reactions in a collapsing bubble. The well-knovm. D-D nuclear fusion reaction proceeds 
in two branches of roughly equal probability as (Gross, 1984) 

[p + T 

The products of D-D fusion reaction are: a neutron (n), a proton (p). Helium (He) and tritium (,T). 
Helium (^He) is a non-radioactive gas and it is difficult to detect and the MeV energy protons (due to 
them being charged particles) can travel no more than ~1 mm through the test fluid and before getting 
absorbed. On the other hand neutions (being uncharged particles) can escape from the test cell, and 
tritium is a radioactive isotope readily detectable using beta-spectrometry. Therefore, neutrons and 
tritium become the candidates for fusion reaction detection in bubble fiision experiments as reported 
by Taleyarkhan et al. (2002, 2004a). However, in bubble fiision experiments, it is to be realized that 
neutron detection can become difficult due to the presence of large gamma ray fields resulting from 
the neutrons used to seed bubbles. This requires sensitive on-line deteaion equipment which can 
distinguish neutrons from gamma rays, and also distingjuish neutrons from nuclear fiision from those 
neutrons used for seeding bubbles from an external neutron source (PNG or isotopic source). Such 
issues and complexities are non-existent when monitoring for the radioactive isotope tritium. 
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This paper focuses on reporting investigations on two aspects of bubble nuclear fusion: transient 
bubble dynamics along with SL light emission, and tritium production. These two topics are presented 
separately. The first part of this manuscript discusses observations of bubbfe thenrnal-hydraulics 
during the simulated bubble fusion experiments. These observations were obtained in a desktop test 
apparatus with isotope neutnm-seeding of cavitation nuclei in a test cell. The second part provides 
confirmatoiy evidence of tritium emission during neutron seeded acoustic cavitation of deuterated 
acetone, along with evidence of null results from control experiments. 



2. EXPERIMENTAL APPARATU S AlVD APPROACH 

The bubble dynamics experiments were performed in a test apparatus (see Figure 1) similar to what 
was used by Taleyarkhan et at. (2002, 20O4a). The test chamber was placed in a chilled light-tight 
enclosure. A microphone (MIC) was attached to the outside wall of the chamber for shock wave 
detection (indicative of bubble implosions) for which the tow frequency components were filtered out 
for counting of cavitation rate. A photomultiplier tube (PMT) was placed ~1 cm away frcm the test 
chamber for sonoluminescence (SL) light detection. The PMT was powered by a high voltage supply 
at -2000 volts and iis output was first sent to a preamplifier (ORTEC 1 13) and then to an amplifier 
(ORTEC 570). The fluid (normal acetone) was driven and experienced positive and negative 
pressures at a fiequency of -20 kHz by the acoustic wave generated from a PZT ring epoxied on the 
chamber. An isotope neutron source (Cf-252 0.5 mCi) was used to seed nuclei in the fluid. A high 
speed video camera (Fastcam lOK.) was used to visualize die bubble behavior. 

Following the methods reported elsewhere (Taleyarkhan et al.. 2002) before conducting bubble 
fiision experiments the test cell drive amplitude corresponding to about -7bar for nucleation from 
muiti-MeV neutrons was evaluated after degassing. That is, no bubble nucleation would occur at this 
acoustic drive power over a waiting time of - 30s in the absence of the neutron source. Thereafter, 
after the baseline drive amplitude was doubled to be ~ +/- 15 bars for each of the cavitation runs (as 
used by Taleyarkhan et al., 2002, 2004a). - 

It is well-known that tritium is an extremely rare isotope and can only be produced by via nuclear 
reactions and hence, becomes a powerful indicator for possible thermonuclear fusion reactions during 
bubble fusion experiments. Tritium can be examined for its presence in the test fluid after the 
experiment, but this requires access to expensive and sensitive beta spectrometers. Fortunately, as part 
of the infrastructure we had access to a state-of-the-art beta spectrometer system, the Beckmaa 
LS65O0™ system at Purdue University, which was similar to that used in the reported bubble fusion 
studies at Oak Ridge National Laboratory (Taleyarkhan et al., 2002, 2004a). Therefore, we focused on 
monitoring for tritium emission during acoustic cavitation experiments to confirm the possible 
occurrence of bubble nuclear fiision. Along with D-D nuclear flision producing tritium, it is well- 
known that D atoms in a deuterated liquid can become transmuted to T atoms in the presence of a very 
high flux of neutrons (as ia a commercial power nuclear reactor). Fortunately, in bubble nuclear 
fusion experiments transmuting D atoms to T atoms by neutron bombardment is a second order effect, 
a feet which can be readily validated via conduct of control experiments (i.e., experiments conducted 
to note changes in tritium content of the test liquid by subjecting the test cell to the same experimental 
neutron fluence used for seeding bubbles, but without acoustic power timied on such that cavitation is 
not present). Control experiments were also to be performed under identical experimental conditions, 
but changing only one parameter at a time (e.g., cavitation on vs. oflE; alternately, change H bearing 
liquid to D bearing liquid). The control experiments include non-deuterated fluid tests along with 
cavitation on or o:ff tests. Evidence for thermonuclear fiision reactions (from tritium emission) m a 
collapsed bubble needs to manifest only for neutron-seeded cavitation in a deuterated fluid. All tests 
MTitb a non-deuterated fluid or a test with deuterated fluid without cavitation should not lead to tritium 
production. 
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Desktop Enclosure 



Figure 1. Schematic of experimental apparatus layout (not scaled). Cf-2 52 - Isotope Neutron Souit» 
(0.5 mCi); MIC - Microphone; PMT - Photomultiplier Tube. 



3. RESULTS OF BUBBLE DYNAMICS 

Following the published approach by Taleyarkhan p aleyarkhan et al., 2002 and 2004a), the Huid was 
first properly degassed for about 2 hrs until individual cavitation bubble clusters were achieved. 
During such evolution, sharp (N-shaped) shock traces were observed on the high-speed digital storage 
oscilloscope screen coming from the microphone and the PMT. The bubble dynamic behavior has 
been studied as follows: cavitation visualization by using a high speed video camera (Fastcam lOK), 
shock wave detection by using a microphone attached on the outside wall of the test chamber and 
sonoluminescence light emission by using a photomuhiplier tube. Typical results are illustrated in the 
following subsections. 

3.1 Cavitation Visualization 

Figure 2 displays a typical image sequence of a cavitation bubble cluster of aon-deuterated ac«tone 
nucleation seeded by neutrons from a Cf-252 isotope source (0.5 mCi of activity) and experienced 
pressures at -+/- 17 bars driven by acoustic waves. Note that the images were taken at a speed of 
5000 frames per second and 1/20000 s for shutter speed. Since the camera frame speed is smaller than 
that of the chamber driving frequency, it is believed that the bubble is actually a bubble cluster, which 
can be verified by quickly aiming off the acoustic driving power. The bubble cluster which was 
otherwise held in place by the acoustic pressure field breaks apart and results in a dispersion of several 
tiny fm) bubbles. Also, direct numerical simulations for bubble growth using the well 

established Rayleigh-Plesset fotntulation indicates that an individual bubble that can reach a maximum 
of only -400 ftm (Nigmatulin et al., 2002), whereas the size of individual clusters is about 10 times 
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larger. The images were compensated for the distortion due to the optical deflection from a cyrindrical 
surface and its scale is about 0.083 mm/pixel. The bubble cluster diameters in the first three images at 
tHi.O. 0.2 and 0.6 ms are about 0.6 , 2.7 and 3.4 mm, respectively. The first appeai^nce of contraction 
(perhaps because some of the bubbles in the cluster were imploded in this frame) is seen at t-0.8 ms. 
The cluster size did not vary much after the first contraction and was diffused out after 3 ms. 

Figures shows another type of caviiaticm consisting of comet-like streamers. Unlike that of 
individual bubble clusters, the structure of a streamer appears continuous in space and time: bubbles 
were formed at one end (bottom end in this figure) and ejected outwards from the other end and could 
last as long as 10 s. hiterestingly, and importantly, it was observed that streamers produce neither 
distinct shock wave peaks in the microphone nor SL light emission. This is described in the next 



0,0 ms 0.2 ms 0.4 ms 0.6 ms 0.8 ms 1.0 ms 1.2 ms 




Figure 2: Individual bubble cluster (CsHsO, 4 "C, -+/- 17 bars, 16.7 kPa) 
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Figure 3: Comet-like streamers (CsHeO, 4 "C, -+/- 17 bars, 16 0 kPa) 
3.2 Signals from Microphone and PMT 

Shock waves and light emissions from the imploding bubbles were detected by the attached 
microphone and the PMT respectively. Their signals were displayed and stored by a 100-MHz 
Agilent digital storage oscilloscope. Figure 4 depicts the typical results of these two signals under 
conditions involving individual clusters. Due to the propagation time required for the sound wave 
from the location of bubble collapse to the location of the attached microphone on the glass siuface, 
there is a time delay between die micrt^hone signal and the SL signal which is found to be about 30 
fjs for this chamber. This value con-esponds nicely to the time required for a sound wave to travel 
&om the center of the chamber to the walls of the chamber where (he microphone is attached. On the 
other hand. Figure 5 indicates that the corresponding signals are much smaller and random for 
streamers. 

The peak-to-peak amplitudes of the microphone signals were recorded under different driving 
amplitudes to the PZT ring. The results wore depicted in Figure 6. These values indicate the 
intensities of shock waves generated by the bubble collapse. It can be seen that the shock wave 
intensity increases with the low acoustic driving amplitudes (implying enhanced levels of implosion) 
and becomes saturated with increasingly h%her drive amplitude. TTiis observation implies that the 
most intense implosion during cavitation does not necessarily correspond to the highest acoustic 
driving amplitude. 

It was also observed that not every shock wave corresponds to a recorded light pulse. This was 
found to be especially true for conditions leading to the formation of strcameis (which as mentioned 
earlier look like comets, and consist of thousands of tiny bubbles unlike bubbles in spherical clusters). 
R was distinctly noted that the presence of streamers did not pro d uce detectable light emission at all 
Clparlv indicating that the intensity of collapse is quite different and much lower ri.e.. contents of 
imploding bubbles were not even hot enough to emit SL light flashes^ than that ftnn» individual bubble 
clusters. 
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Figure 4: Signals from microphone andPMT of individual cluster 
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Figure 5: Signals from microphone and PMT of st 
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Figure 6; Amplitudes of microphone signals 



4. RESULTS OF TRITIUM EMISSION 

Similar to the protocol followed for reported bubble fusion experiments (Taleyaiklian et al, 2002, 
2004) tests were systematically conducted with deuterated and nom-deuterated acetone over six hours 
duration (to accumulate significant quantities of tritium in the test fluid). The test chamber was 
positioned in a closed freezer with temperature control, and bubble nucleation was seeded by using a 
Plutonium-Beryllium (Pu-Be) isotope source (of 1 Ci activity). For each test run lasting for 6h, two 
samples were systematically prepared by extracting 1 ml of test fluid from the same test chamber 
before and after each cavitation run and mixing with 15 ml of Ultima Gold™ scintillation cocktail in a 
20-ml scintillation vial; therefore, four samples were available for each test nm. Hiese samples were 
aoalyzied in a scintillation counto' for excess tritium emission. The Beclonan LS6d00™ coiuiter, a 
sophisticated state-of-the-att system similar to what was used by Taleyarkhan (Taleyaikhan, et al., 
2002) was used for these studies. The counter was calibrated with NIST-certified quenched standards 
and the mass quench effect of acetone was investigated. Each sample was counted over 10 cycles and 
for 10 minutes during each cycle; therefore, each sample was counted for a total of 100 minutes. 
There was no interruption for each coimting scheme and a sample with 15 ml Ultima Gold™ cocktail 
alone was also coimted simultaneously for validating and ensiuring machine stability and for ensuring 
absence of any unusual background variations. 

4.1 Calibration of the Beckman Counter 

The Beckman scintillation counter {LS6500) does not directly provide the true measure of radioactive 
decay in the form of DPM (disintegration per minute). Instead, it conducts a calibration for quenching 
for each sample (during each cycle) and offers a so-called quench number "H*" along with the raw 
data for coimt-rate per minute, i.e., CPM (coimt per minute) values for each batch. This essentially 
requiies the user to conduct a calibration using known standards (certified by MIST) to obtain the 
conversion factor from CPM to DPM. 

The counter was calibrated with NIST-certified quenched tritium standard vials (procured from 
PcrkinElmer™, 2003). The calibration data were systematically obtained in the same routine as that 
used for sample counting. The results are shown in Figure 7, where the H# was printed out from the 
counter accounting for the quenching effect and the efficiencies were calculated from the ratio of the 
machine CPM and the actual DPM derived from the standards (accounting for radioactive decay). 
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Figure 7: Beckmao LS6500 scintillation counter calibration curve. The dots are calibration data 
points and tbe solid line is a curve fitting with a third-order poiynomiaL as shown in the figure, which 
was used to convert the CPM into DPM in tritium counting 

4.2 Tritium Counting 

Several six-hour duration tests were conducted to confirm if statistically significant quantities of 
tiitium are generated only when conducting neutron-seeded cavitation in CjDsO. For these 
experiments a I Ci Pu-Be neutron source (emitting about 2x10* n/s) was available and therefore, 
utilized. The test ceil (maintained at ~ CC temperature) was placed in a closed &eezer. which was 
fiMthennore, surrounded with paraffin blocks for radiological safety. A schematic of the experimental 
arrangement is shown in Figure 8 along with the relative position of the Pu-Be neutron source. Tests 
were conducted with neutron irradiation alone, followed by tests with neutron seeded cavitation - 
systematically changing only one parameter at a time. Neutron-seeded acoustic cavitation was 
conducted for ~6 h duration. Liquid samples were taken before and after cavitation from the liquid 
poured into the test chamber. For each case 1 ml of acetone was pippetted and mixed with 15ml of 
Ultima Gold'^''^ scintillation cocktail in a borosilicate glass vial. These vials were counted for 100 
minute for each sample for tritium beta decay activity (5 to 19 keV energy emission window) in a 
Beckman LS6500™ liquid scintillation counter. Results of tritium activity changes are displayed in 
Figure 9. It is seen that a statistically significant increase (- 4 to 6 SD) of tritium is only observed for 
tests with neutron-seeded cavitation of CjOtjO. Null results are obtained for all other control 
experiments. For neutron- seeded cavitation tests with the control liquid CsHgO, as well as for tests 
with neutron inwJiation only (without cavitation) of C3D60 the tritium activity changes are within 1 
SD. Interestingly, one of the fotir 6h tests (where bubble activity was in the form of streamers, not 
individual large bubble clusters) with neutron -seeded cavitation of CjDsO also gave a null result. This 
appears to have been due to the occurrence of significant comet-like bubble formations during this 
particular test. As was mentioned earlier, the presence of streamers also does not give rise to any SL 
light emission. It is not clear why this particular test gave rise to streamers but the net effect of the 
change in thermal-hydraulic conditions is unmistakable and goes a long way towards underscoring the 
importance of attaining appn^riate bubble cluster formations to attain bubble fusion. 
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Pigure 8: Schemadc of experimental apparatus for tritium emission 



Aggregate Average 

dpm/gm 

C5D«0(all) 2.8 
CjDtO (excJude cav. . w/ streamers) 4. 1 
C3H5O -0.8 
CjDsO Irradiated -0.5 
* Background count rate ~ 40 dpm 



♦ C3D60 Cavitalion+hBdiation 
■ C3H60 Cavitation+lrTadiation 
A C3a60 tTBdiatlon Only 



Wit^ streamers 



Figure 9: Results of ttitium emission counting 



5. DISCUSSION AND CONCLUSIONS 

Bubble thermal-hydniulics was studied in relation to sonoltuntnescence light emission and shock wave 
signals. It was found tliat strong shock waves from spherical bubble cluster implosions correspond to 
the generation of significant sonoluminescence light emission, whereas streamer-like bubble 
formations produce neither distinct shock waves nor sonoluminescence light signals. The bubble 
cluster lifetime (typically 2 to 5 ms) was much longer than the acou&tic driving cycle period (-50 fiis ) 
and a contraction was obseived at ~0.8 ms, indicating the presence of complex thertnal-hydraulic 
phenomena. 
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Tritium counting was conducted systematically by using a Beckman LS65O0 scintillation counter 
for the samples obtained from the multiple 6-h bubble fiision experiments with deuterated acetone as 
well as for the control experiments with non-deuterated acetone. Irradiation only experiments were 
also performed for deuterated acetone in the presence of the neutron sotirce, but without cavitation. 
Results of tritium measurements confiimed reported results (Taleyarkhan et al., 2002, 2004a) that the 
production of statistically significant emissloiis of tritium occurs only during neutron-seeded acoustic 
cavitation of deuterated acetone. Control experiments with irradiation alone, and neutron seeded 
cavitation of non-deuterated (H-bearing) acetone produced null results. The results indicate the 
possible occurrence of thermonuclear fusion reactions in neutrbn-aeeded acoustic cavitation with 
deuterated acetone. 



NOMENCLATURE 



CjDsO Deuterated Acetone 

CjHfO Non-deuterated Acetone 

D Deuteriimi 

DPM Disintegrations per minute 

'He Helium-3 

MIC Microphone 

n Neutron 

p Proton 

PNG Pulse Neutron Generator 

PZT . Lead-Zirconate-Titanate 

SD Standard Deviation 

SL Sonoluminescence 

T Tritium 
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